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(54) Biaxial concrete masonry casting 
method and apparatus 

(57) A mould for forming in one step a 
biaxial concrete masonry (CM.) block 
(70 and Figure 2), comprises planar end 
walls (53a,54), planar top end walls (55), 
compression and stripper shoe (56) to 
firstly compress the masonry material 
then to strip it from the mould 
downwardly, pallet (60) which is 
detachable to allow the CM block (70) to 
be stripped from the mould, and 
plungers transversly movable in the 
end walls (53a) for forming apertures In 
the CM block, the position and number 
of the said plungers (64,66) being 
altered in accordance with the shape of 
the CM block required. After formation 
of the CM block, (70) the plungers 
(64,66) are moved so as to allow the CM 
block to be displaced from the mould by 
the stripping shoe (56) pushing down 
on the CM block and removable pallet 
(60). 
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SPECIFICATION 

Biaxial concrete masonry casting method and 
apparatus 

5 

The present invention relates to novel methods and 
apparatus for biaxial casting of concrete masonry 
products such as concrete masonry blocks so as to 
produce openings and shape indentations along the 
10 axis perpendicular to the axis of casting. 

The prevailing system for manufacture of concrete 
masonry blocks and like units {"CM blocks", "CM 
units" or "CM products") is characterised by a 
methodology in which a fluid or semifluid concrete 
15 masonry {"CM") composition is compression cast 
within a mould and the CM product stripped at the 
opposite end from which it was fed and along the 
same axis. The process is similar to that of extrusion 
except that in the concrete masonry industry the CM 
20 product is produced in discreet segment or units 
rather than as a continuous casting such as is used 
to form products of relatively long length. One of the 
limiting parameters of such existing CM block 
manufacturing process is established by the fact that 
25 since the accretion of the moulding materials occurs 
lineally along the axis of the mould aperture the 
resultant CM product shapes which can be made 
may be varied only as a function of the mould 
aperture cross section. That is, the shape of the CM 
30 blocks of other CM products made with prior 

existing methods and equipment is basically limited 
to variation in the same axis as that of the flow of the 
materiaf in the casting process. This limitation 
necessitates that CM product shape modification 
35 along the axis perpendicular to the flow of the 
material during casting becomes an expensive 
secondary manufacturing step which in most cases 
cannot be economically justified. 
There have been some systems developed for 
40 making CM products provided with shape indenta- 
tions along an axis perpendicular to the casting 
direction axis. One example is a "Horizontal Core 
Adapter" system made and sold by Besser Company 
of Alpena, Michigan, whereby it is possible to make 
45 concrete masonry blocks having top and/or bottom 
surfaces indented to provide interlocking blocks, 
reinforcement blocks or decorative blocks. However, • 
such systems have short-comings in that the equip- 
ment is relatively expensive, the rate of CM block 
50 production is relatively slow, and the moulds tend to 
wear out very quickly because the CM materials are 
very abrasive. It is noted, however, that such prior 
systems here mentioned do not involve a biaxial 
concrete masonry casting method and apparatus 
55 such as disclosed herein and claimed as my inven- 
tion. 

It is the object of the present invention to produce 
a biaxial CM block In a single casting operation, 
without the need of any secondary operations. 

60 According to one aspect of the present Invention 
there is provided a biaxial casting apparatus for 
making a concrete masonry {'CM') blocks including 
four walls in substantially rectangular plan configur- 
ation enclosing a cavity extending through the block 

65 in a first direction and an opening extending through 
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at least one of the walls in a second direction 
transverse to the first direction, the apparatus being 
adapted to be disposed in the mould of a CM casting 
machine with said mould including a mould box 

70 comprising four substantially vertically disposed 
side walls disposed in substantially rectangular plan 
configuration, and the apparatus comprising a 
mould core having four walls in substantially rectan- 
gular plan configuration and enclosing a cavity, the 

75 four walls of the mould core being Intended to be 
spaced inwardly from the respective side walls of the 
mould base to provide the space for casting the four 
walls of the blocks, a plunger movably mounted in at 
least one wall of the mould core for movement 

80 between a first position extending outwardly from 
the said wall and a second position retracted into the 
cavity of the mould core, and means for moving the 
plunger. 

According to another aspect of the present inven- 
85 tion there is provided a biaxial casting method using 
a casting machine and the above apparatus, com- 
prising the steps of disposing a pallet with respect to 
the mould box to provide a mould bottom, moving 
the plunger into its first position, feeding CM mix 
90 into the space, vertically lowering compresser/strip- 
per means and compressing the CM mix in the space 
to form a CM block having an opening in at least one 
wall occupied by the extended plunger, retracting 
the plunger into its second position so as to release 
95 the plungerfrom the opening, and moving the 
compressor/stripper means and the pallet down- 
ward to strip the block from the mould box. 

According to a further aspect of the present 
invention there is provided a biaxially cast concrete 
100 masonry {"CM") block wherever made by the above 
method. 

The biaxial concrete masonry casting method and 
apparatus of this Invention is achieved by a novel 
relatively inexpensive modification of a conventional 

105 CM mould core system to provide a biaxial CM 

mould core system which may be readily Installed or 
retrofitted in commercially available CM casting 
machines for making CM blocks and like products. 
Thus conventional CM casting machines can be 

110 converted at low cost forfast and economical biaxial 
casting of CM blocks and other CM products so as to 
produce such products having openings and shape 
indentations along an axis of the product perpendi- 
cular to the axis of casting, it is an important feature 

115 of the present invention thatthe novel biaxial CM 
mould core apparatus for this new system is com- 
pact for use in existing moulds of commercially 
available CM casting machines. Specifically, such 
new apparatus according to the present invention 

120 Incorporates reciprocal actuating plungers which 
cause biaxial shape modifications of the CM blocks 
or like CM products during casting but are contained 
within the confines of mould cores such as normally 
used for making CM products having conventional 

125 cavities extending in the direction of the axis of 
casting. 

Although the manufacture of the biaxial CM blocks 
involves forming the aforementioned apertures, the 
rate of production is not adversely altered, remain- 
130 ing comparable and competitive with typical com- 



•mercial production rates of conventional blocks; 

15 Xbythepre S entinventioniti S asi g nrf.cantstep 

^Sdimentsoftheinventionwinnowbed^ 
scribed,b Y way of exampfewith reference to the 

20 JSSteKW Tblocksuch as madewith commW- 
SyavaHable CM block casting machines .nwhich 

blockshowninFigure2. ( ... hiaxiallv 

35 /qgurs 4is an end elevation view of the btaxiauy 
cast CM block shown in Figures Zand 3. • 

.STromorth.o bolog =paoao*erefro m .a 

makina biaxial CM blocks according to the present 
50 Mention SJuml shows a biaxial CM mould core 

65 aolpper shoe on it. way op <° P'o»"<» —** ** 

cores (whereas in Figure 6 such ax.al plungers are 
retracted within such cores). . . MtMn „ 
■ Figure 8 is a schematic of the b.ax.al CM casting 
65 apparatus components shown in Figure? but in 



cavS while said axial plungers are extended from 
BbS^anotherphaseoftheprocesswher^n 

mould as vibration P"> c axlal . CW i mould cores. 

a n«fh B VDhasa wherein the axial plungers are being 
a id« nsS the biaxial mould cores after 
retracteoxo i compression cycle, 

completion ofthe cm d ,g but . 8 hows another 

80 phafewhe™ ^nSaxfalplungersare fully retracted ; 
SKe hollow mould^ores and the compressed 
cEaterialformedinto a CM block.s being 
stripped from me mould cavity through s.mul- 
85 taZusly downward motion of the compression/ 

shown in Figures 6 through 11, but Figure iz 

J" elected on its individual pallet onto a conveyor 
95 SrSthertepsof Figures 6 through 11 canbe 
95 reperdwhenthecompression/strippershoe^ 
moves upwardly out of and above the mould box. 

«™.~f5 is a oartlv cross-sectional view and 
nartfv sTde elevSnel vlewof e biaxial CM mould 

Sthff, P ncon^ 

^ISSCS!--^*- mouldcore as 
1W Swouldbeinphasesofoperationshown.n 

toofof the biaxial CM mould core system plus 
related 'mounting means and air conduit means 

m ftiL«"reisa cross-sectional view ofthe biaxial . 
oluS sub-assembly shown in Figure ".taken 
12 5 along line 16-16 of the mould core shown atthe right 
S %t?r%l 3 bo«omplanviewofthemouldcore 
assSies shown in Figures 13 end 14. looking 

130 «SfflSiW 
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tion of a modified biaxial CM casting apparatus for 
use in a CM manufacturing process for making 
biaxial CM blocks according to the present invention. 
The modified apparatus of Figure 18 corresponds to 
5 part of the embodiment shown in Figures 6-12 but 
shows a biaxial CM mould core system including 
only three axial plungers, one fn the mould core at 
the left of Figure 18 and two in the mould core at the 
right of Figure 18 (said axial plungers being shown in 
10 fully retracted position in this figure). 

Figure 19 is a schematic illustration of the mod- 
ified biaxial CM apparatus shown in Figure 18, but 
with all three axial plungers shown in extended 
position during part of the biaxial CM casting 
15 process (similar to the corresponding parts of the 
apparatus shown in Figures 7, 8 and 9). 

Figure 20 is a schematic illustration of another 
modified biaxial CM casting apparatus for use in a 
biaxial CM casting process to make biaxial CM 
20 "T-blocks" shown in Figure 24 according to the 
present inventions. Figure 20 shows a top view of 
the mould box and mould sides and a cross-section 
of thernould core assemblies taken atthe level of the 
central axes of the axial plungers of said mould core 
" 25 assemblies in Figure 20. 

Figure 21 is a top plan and cross-sectional view of 
the mould box and mould core assemblies similarto 
Figure 20 but showing all of axial plungers of the 
mould core assemblies in retracted position (instead 
30 of their being in extended position as shown in 
Figure 20). 

Figure 22 is a vertical section of the modified 
embodiment for making biaxial CM T-blocks shown 
in Figures 20 and 21 , taken along line 22-22 in Figure 

35 20. Figure 22 shows the embodiment of Figures 
20-23 with the axial plungers in extended position in 
a phase of operation for the embodiment of Figures 
20-23 analogous to the phase of operation shown in 
Figure 19 for the embodiment of Figures 18-19 

40 described below. 

Figure 23 is a vertical section of the modified 
embodiment shown in Figures 20-22 taken along line 
23-23 in Figure 21 . Figure 23 shows the embodiment 
of Figures 20-23 in a phase of operation for said 

45 embodiment similar to the phase of operation 
shown in Figure 18for the embodiment of Figures 
18-19. 

Figure 24 shows a modified blaxially cast CM 
"T-block" which is generally like the above- 
50 described biaxialiy cast CM block of Figure 5A but 
which has openings in one end web and the central 
web extending normal to the axis of casting, and 
which also has two aligned openings in the block 
face shells communicating with one of the twin 

55 cavities of the CM block and thus with said openings 
in said webs and with the other twin cavity of the 
T-block. Also, the T-block shown in Figure 24 can be 
used to provide a "T-wall-connection" as illustrated 
in Figure 24 when such T-block is used with two 

60 adjoining CM blocks 30b of the kind shown in Figure 
5A at the ends of two intersecting walls made with 
such CM blocks 30b. 

Figure 25 is a schematic illustration of another 
modified biaxial CM casting apparatus for use in a 

65 biaxial CM casting process to make biaxial CM 
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"L-blocks" shown in Figure 29 according to the 
present inventions. Figure 25 shows a top view of 
the mould box and mould sides and a cross-section 
of the mould core assemblies taken atthe level of the 

70 central axes of the axial plungers of said mould core 
assemblies in Figure 25. 

Figure 26 is a top plan and cross-sectional view of 
the mould box and mould core assemblies similarto 
Figure 25 but showing all of axial plungers of the 

75 mould core assemblies in retracted position (instead 
of their being in extended position as shown in 
Figure 25). 

Figure 27 is a vertical section of the modified 
embodiment for making biaxial CM L-blocks which is 

80 shown in Figures 25 and 26, taken along line 27-27 in 
Figure 25. Figure 27 shows the embodiment of 
Figures 25-28 with the axial plungers in extended 
position in a phase of operation for the embodiment 
of Figures 25-28 analogues to the phase of operation 

85 shown in Figure 1 9 for the embodiment of Figures 
18-19 described below. 

Figure 28 is a vertical section of the modified 
embodiment shown in Figures 25-27 taken along line 
28-28 in Figure 26. Figure 28 shows the embodiment 

90 of Figures 25-28 in a phase of operation for said 
embodiment similar to the phase of operation 
shown in Figure 18 for the embodiment of Figures 
18-19. 

Figure 29 shows a modified biaxialiy cast CM 
95 "L-block" which is generally like the above- 
described biaxialiy cast CM block of Figure 5A but 
which has openings in one end web and the central 
web extending normal to the axis of castings, and 
which also has one opening in one of the block face 
100 shells communicating with one of the twin cavities 
of the CM block and thus with said openings in said 
webs and with the other twin cavity of the L-block. 
Also, the L-block shown in Figure 29 can be used to 
provide a "corner connection" as illustrated in 
105 Figure 29 when such L-block is used with one 

adjoining CM block 30b of the kind shown in Figure 
5A atthe end of a row of such CM blocks 30b. 

Figure 30 is a perspective view of a "biaxial 
maintenance module" used for cleaning the axial 
110 plungers of the biaxial CM mould core system 

shown in Figures 13 and 14 atthe end of a particular 
run or working day or the like. 

Figure 3 1 is an end elevation view of the biaxial 
maintenance module shown In Figure 30. 
115 Figure 32 is a longitudinal sectional view of the 
biaxial maintenance module shown in Figures 30 
and 31, taken along line 32-32 in Figure 31. 

In the accompanying drawings, like parts are 
identified with like numerals. Modified components 
120 or parts are sometimes identified by like numerals 
plus subscripts as below set forth to conveniently 
indicate similarities and differences between various 
embodiments. 
Reference is now made particularly to Figure 1 
125 which shows a conventional twin-cavity CM block 
generally indicated at 30. CM block 30 comprises two 
relatively elongated substantially parallel face shells 
31 which are interconnected by two laterally extend- 
ing end webs 32 and a centre web 34. The two face 
130 shells 31 and the three webs 32, 34 form two cavities 



* 
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35 which extend through the CM block 30 from the 
« t 0 the bottom 38 thereof in the direction of the 

conventional commercially available CM block cast 
5 ing machine. Each of block cavrt.es 35 has a 
o, .h-rfantiallv rectangular cross-section, and both 
USE 3 have substantially thesame dimensions 
Each of face shells 31 are of like thickness, and each 
of three webs 32, 34 are of like thickness. 
,n SeDresentative dimensions of the conventional 
10 SSSScM block30 and its components are the 
sarne or substantially thesameas dimensions of 
To"espondingcomponentsofthebeow-d^ 
Lvel biaxially cast CM block generally .nd.cated at 

which show a novel biaxially ^sttw.n-cav,^ CM 
block generally indicated at30a. B.ax.ally cast CM 
block 30a comprises longitudinally extending sub- 
,0 s Sally parallel face shells 31 ^.^^ 
2 ° nSd bVtwoiaterally extending e^wejs^d 
a centre web 34a. The face shells 31 and the three 
f„ph< 32^ 34a form two cavities 35 which extend 
trough" the Sock Ma from the top 37 to the bottom 

during casting of biaxially cast CM b ock30a. ftr a 
suitable and typical biaxially ^tw.n-cav,ty CM 
blockmade according to the P«^2^5S 
various nominal dimensions of components ot oivi 
^Xk30awouldbe substantially as follows: overall 
30 Sngtiiorface shells 31 in direction 

the axis of casting is 1 5.625 inches; thickness of face 
shrtuS I to 1-25 inches; overall blockw.dth mea- 
sured between the two outer surfaces of face sheMs 
35 31 is 7.625 inches; transverse stance be^een the 
fnside surfaces of face shells 31, and thu ; the 
transverse dimension of each cavity 35, is 5 1 25 
inches- each of end webs 32a is inset from ends 33 of 

40 32a « J 34a is 1 inch; and the ^distance beuveen each 
end web32a and centre web 34a, ^ ^usthe 
longitudinal dimension of each cavrty <35. Is 5 u56 
inches; the height of the block 30a between top 37 
and bottom 38 is 7.6 inches. 
yic The biaxially cast CM block 30a of Figures 2-5 

?n*attheTeareopeningsorapertures40-extend.ng 

web 34a with the axisof each opening 40 bemg 
50 Substantially normal to the direct.on of material flow 
during casting (i.e., the "axis of casting J.The 
openings 40 in the webs 32a and 34a are ^made by 
varying the mould aperture during castmg and 
Z , such variation of mould aperture In , au* i a 
55 way a 9 sto result in varietionof the shape of the CM 
blockSOa by providing °?"^*£*£>™ 
• formed normal to the axis of casting without a 



also located at orslightiy below the block's horizon- 
tal centreline HCU which is atthe vertical rnldpolnt of 
♦k q h>nrW hetween top 37 and bottom 38. The 

and location of bW-JJ 
70 openmgs 40 must besuch as to ayo.d ProWemsof 
Educing cracking inthe manufacture of biaxially 
ScM blocks 30a.The openings 40 of CM biock30a 
arriikely to be circular as shpwn in F.gures2-5 and 
faceted and sized as hereinabove setforth.The 
75 configuration, size and location of .biaxially cast 

opeSssucnas40area.functionofthedimens.ons 

rfthebiaxiailv castCM blockand its components 
£5 frf the stee shape and location of auch openings. 

incationsfor such openings in relation to block 
eSSci and VCU as will be apparent to those 
skilled in the art in light of the .disclosure herem 
Reference is now made to Figure SA described 

bvfns^rttng end cores in the mould box £u*«. . 
ehown at 54 in below-described Figure 15); this is 
dSn Htemanner as providing like inset recesses 
33 atoppositeandsof a conventionally open end 

not using such end cores in the mould box, the 
btociallycastCM block30b will have a modified 
Kuratton as shown in Figure 5A differing from _ 
C a 0 bove^escribadCM block30a i«ho W mnl^ures2-5. 
100 The difference between biaxially cast CM block 30b . 
• of Figure SAaecomparedtobiipdaHyoastCM block 
that the en d W ebs 32b have their, outer 

« ex!ending dimension of f -ti es 3 |b <s cor- 
105 resDondinglylongerthanthatofcav,ty35.nCM 

S 3 0a shown in Figures 2-5 and above described. 
wSSSiiX^oM «* CM block 30b shown in 
. SSSSa derrttfiedbyHke-numerafeinRgureSAas .. 

in Figures 2-5 are of like configuration and size as 
110 cor ^^espondinglikeidentifiedcomponentsmFiaures 
2 E excepting thatthe longitudinal dimension .of 
Sach cavity 35b is 6.31 incheain block30b of Figures 
^instead of 5.56 inchesas in block 30a of Figures 

1 15 2 " Reference is now made to Figures 6-12 and 13-15. 
The Waxlal CM mould core system generally md - 
cated by numeral 41 includes a pair of mould core 
assemblies generally indicated at 42 and 44 respec- 
tive^^ 
120 oene aUY indicated at 46 for installing thesystem 41 

1 fn^a c^mmercielly available CM block casting 

mach^eneralW/ indicated at 48, plus a,r supp y 
Teens generally indicated at 60- for 
operating the mould core assemblies 42 and.44 or 

„m h! ■ a enerallv indicated at 52 which has four 

at riaht angles to each Other. The CM casting . 
180 macWneialao includes a compression and str.p- 




per shoe ("compression/stripper shoe") generally 
indicated at 56, a material feed tray generally 
indicated at 58, and means for raising a pallet 60 to 
form the bottom of the mould for casting a CM block 
5 as generally known in the art and as hereinafter 
discussed. (It is noted that numeral 52 is sometimes 
used to refer to such mould as well as to the mould 
box itself). 

Referring especially to Figures 13-15 and 17, each 
10 of mould core assemblies 42 and 44 includes a 
generally rectangular-shaped mould core 49 having 
a pair of opposite vertically disposed like planar side 
walls 51, plus a pair of opposite vertically disposed 
like planar end walls 53 and 53a, plus a horizontally 
15 disposed planar top end wall 55, and an open 
bottom 57. The mould cores 49 are similar to 
conventional mould cores used to make convention- 
al twin-activity CM blocks such as above-described 
CM block 30 shown in Figure 1 ; but each of mould 
20 cores 49 is modified by cutting axially aligned 
circular apertures 59 in opposite sides 53 and 53a 
thereof. A cylindrical assembly sleeve 62 is disposed 
within each mould core 49 and has its opposite ends 
mounted in apertures 59 in opposed mould core side 
25 walls 53 and 53a, as further explained below. An 
"inner" axrally reciprocating plunger indicated at 64 
is mounted in one end of cylinder 62 in each mould 
core assembly 42 and 44 in such manner so that (i) 
each plunger 64 can be retracted inside of adjacent 
30 walls 53a of its mould core 49 as shown at the right 
of Figure 13 and diagrammatically illustrated in 
Figures 6, 9, 1 1 and 1 2; and so that <ii) such plungers 
64 can project outside of said mould core walls 53a 
as shown at the left in Figure 1 3 and diagrammatical- 
35 ly illustrated in Figures 6-12. Another somewhat 
longer "outer" axially reciprocating plunger indi- 
cated at 66 is mounted in the other end of cylinder 62 
of each mould core assembly 42 and 44 so that (i) 
each plunger 66 can be retracted inside of adjacent 
40 wall 53 of its mould core 49 as shown at the right of 
Figure 13 and diagrammatically illustrated In Figures 
6, 9, 1 1 and 12; and so that (ii) plungers 66 can 
project outside of said walls 63 as shown at the left in 
Figure 13 and diagrammatically illustrated in Figures 
4S 6-12. It is noted that the construction and mode of 
operation of the axial plungers 64 and 66 are the 
same in each of mould core assemblies 42 and 44. 
However, for convenience of description of the 
invention herein, the mould core assembly 42 is 
50 shown at the left of Figure 13 with both of its axial 
plungers 64 and 66 in extended position projecting 
outside of walls 53, 53a of the mould core 49 tn 
position for certain phases of the biaxial CM casting 
process; whereas the mould core assembly 44 is 
55 shown in the right of Figure 13 with its axial plungers 
64 and 66 in retracted position with both said 
plungers being disposed inside the walls 53, 53a of 
. the mould core 49 for other phases of the biaxial CM 
casting cycle. 

60 In the preferred embodiment, the axial plungers 64 
and 66 are energised to extend them as shown in the 
mould core assembly 42 in Figure 13 (and in Figures 
7, 8 and 9) and to retract them as shown In the mould 
core assembly 44 of Figure 13 (and in Figures 6 and 

65 1 1 ) by compressed air means as explained in detail 
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below. However, it is noted that axial plungers like 
64 and 66 of equivalent mould core assemblies like 
42 and 44 could be analogously energised to extend 
and retract such plungers in similar manner by 
70 equivalent mechanical means, electromechanical 
means, hydraulic means, or a combination of the 
foregoing, any one or more of which may also be 
combined with compressed air means, as will be 
apparent to one skilled in the art in light of the 
75 disclosure herein. 

Further details of construction and mode of opera- 
tion of the biaxial CM mould core system 41, mould 
core assemblies 42 and 44 and their compressed air 
operated axial plungers 64 and 66, plus related 
80 components are set forth below. 

Reference is now made particularly to the schema- 
tic or diagrammatic drawings of Figures 6-12 which 
show components of a biaxial CM casting apparatus 
in various phases of a biaxial CM casting process for 
85 making biaxial CM blocks line 30b (or 30a, using end 
cores) by utilising the present inventions disclosed, 
and claimed herein- 
Referring to Figure 6, this is a schematic or 
diagrammatic illustration showing a biaxial CM 
90 mould core system 41 installed in the mould box 52 
of the CM casting machine. The sides of 63 of mould 
core assemblies 42 and 44 are disposed adjacent to, 
but suitably spaced from the two shorter sides 54 of 
mould box 52; and the sides 51 of mould core 
95 assemblies 42 and 44 are disposed adjacent to, but 
suitably spaced from the two longer sides 54a of the 
mould box 52. (see also Figure 1 5.) The other sides 
53a of each mould core assemblies 42 and 44 are 
inwardly disposed adjacent to but spaced from each 
100 other a suitable distance. As shown in Figure 6, each 
of the shorter and longer axial plungers 64 and 66 of 
mould assemblies 42 and 44 is wholly retracted 
within the side walls 53 and 53a of its mould core 49. 
Figure 6 shows a phase of operation of the biaxial 
105 CM casting apparatus and a step in the biaxial CM 
casting method according to this invention wherein 
the feed tray 58 containing the semifluid CM mix is 
off to the side of the mould 52, the compression/ 
stripper shoe 56 is being moved on its way up to 
110 provide access for the feed tray 58 to the mould 52 
and a conventional bottom pallet 60 is being moved 
upward to form the bottom of the mould 52. 

Referring now particularly to Figure 7, this is a 
schematic or diagrammatic illustration of the biaxial 
115 CM casting apparatus components shown in Figure 
6, but showing such components in a subsequent 
phase of operation to carry out the biaxial CM 
casting process according to this invention, in this 
phase, the bottom pallet 60 Is in place to form the 
120 bottom of the mould 52, and the compression/ 

stripper shoe 56 is above the level of the feed tray 58 
which is moving into position over the mould box 52 
for purposes of feeding the semifluid CM mix into 
mould 52. In this phase, all axial plungers 64 and 66 
1 25 are caused by compressed air to project in extended 
position from the mould cores 49 so that the ends 67 
of the longer axial plungers 66 abut against adjacent 
side walls 54 of the mould box 52 and the ends 65 of 
the shorter axial plunger 64 abut against each other 
130 as shown in Figure 7. 
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Reference is now made particularly to Figures 
■which is a similar schematic Illustration of the 
Tooaratus components shown in Figures 6 and 7, but 
showing such components in another subsequent 
obese of operation to carry outthe biaxial CM 
casting "process accordingto this inventior l nthw 
bhese semifluid CM mix shown at70 is fed into the 
S'of mould 52whilesaid axial plungers 64and 
£JS extended from the mould core assemblies 
, S and S as shown in Figure7 and explained above 

wSsTsTmUar schematicillustration of apparatus 

over the mould 52 permitting the ~rnpre^lon/ 
etrmnar shoe 56 to come down and compress tne 

20 cEvo in the mouid 52 as vibration of the .mould 
orocLds by conventional means incorporated m CM 
cS machine 48. During this phase of operation 
saS axial plungers 64 end 66 remain ■•£™£* om 
the mould cores 42 and 44 as shown in Figures 9, 
IndThown and described above with reference to 

2& Rgures^ 

shown in Figures 9 and 8 the extended axial 

mould box side walls 54 and axially extending 
™ Znoera 64 have their ends 65 abutting each other 

S .mould 52 thus occupied by the POrtdnarfawd 
emended plungers 64 and 66 projecting from both 

« andSandtheforegoing description thereof. This 
35 causea?heformation(rfopenin a s40 nendwebs 
32h and in centre web 34a of the biaxially cast CM 
£*«S "shown in Hgure5Aand descried above 
withreferenceto thatflgure plus Figures 2-5. fTh.s is 
40 fn contrast* conventiorvally casttw.n-cavity CM 
blocks 30 such as shown In Figure 1, which have 
Send and centre webs due to use of convention- 
al Ed coresthatdo not incorporate axial plungers 
. 64 and 66, or other equivalent means.) 
. K Reference is now made particularly to Figure 10 
45 which s a schematicillustration of apparatus corn - 
S^almllartothatrfngmftbrta^anwt 

phase of apparatus operation ^cWW**«£ 
biaxial CM casting process according to this inven 
50 Son. in this phese.the axial P*"^"^^ 
the process of being retracted by impressed a.rto 
dispose said plungers 64 and 66 inside , th wjte of 
the mould cores 49 after completion of the block 

compression phase of the process described above 
55 with references to Figure 9 (and F gure «• 

Reference is now made particularly to W"" 
which is a schematic illustration similar to FigurelO 
but shdws another subsequent phase .of aWJJJJ 
operation to carry outthe biaxial CM Mp*«»J n <> 
fio orocess of this invention. In this phase, the axial 
6 Sngers 64 and 66 erefu.ly retracted to w. h,n the 
s de walls of the mould cores 49 whereby the 
^rr,nr« S sed CM material formed into CM block 3UD 
K openings 40 can be andjutnpp- 
65 from the cavity of mould 52 by simultaneous 



downward motion of the compression/stripper shoe 
56 and bottom pallet 60. «V„eiourB 12 

uDwardlyoutofand above the mould 52 the 
aooveiLussed steps of Figures 6 through 12 .then 
m« v be and are repeated to carry out the next cycle 
fTmoumtg thenextCM b.ock30b ir , like ^manner 
R5 as described above with reference to Figures 6 
through llin light of Figures 13-17 end description 
thereof further amplified below. 

Reference is now made P art '°"'^|y ^ntalte^i 
tooetherwith Figures 14-17, forfurther detailed 
90 te*X«™ of the biaxial CM mould coresystem 
aena ally indicated at 41 , the like mould core 
9 rfrnhnps oenerallv indicated at 42 and 44, and the 

a?46 Thecorebarassembly and mounting system 
95 mcludeseconventional-typecommerciallyava^ 
core bar assembly comprising an elongated core bar 
. 72 which asa configuration as shown n Rgures 

74 is provided with a pair of holes 75 for receding 

-H0 Reference ienow made particularly to Figure13 
(and also Figures 14 end 17). As prev.ously noted, 
m ou.d cores 49 are like conventional commonly 
Available mould cores for commerceUy ' avaaaWe 
• CM casting machines excepting thet mould cores 4» 
118S^-^eudIng^lygg^«>-r^ 
0 r.orfnrBs59irioppostesides53and53aoTeacn 
S core49 °t is noted that, like in conventional 

mould axisthanthetop portion ofsa.d =>de walls of 
125 mould core 49 which join with the top en walla 55 
mereof For example (as in a typical conventional 

w ^ the bottom edges of said side walls of 

the mould core's longitudinal central axis than the 
130 lop Tdges of said side walls by about one-eighth 




inch. The sides of each mould core 49 (like in 
• conventional mould cores) are disposed at such a 
slight angle to the mould core's central axis to 
-Facilitate stripping of the compressed CM block such 
5 as shown. at 30b in Figures 5A (or block 30a of 
Figures 2-5) after compression of the CM blocks© as 
to more readily remove the newly formed CM block 
from the mould and the casting machine," 

Reference is now made especially to Figure 13 
10 {and Figures 16-17) for detailed description of mould 
core assemblies generally indicated by numerals 42 
and 44. As previously noted, for convenience In 
disclosure of the invention herein, mould core 
assemblies 42 and 44 are the same In construction 
15 and mode of operation, but mould core assembly 42 
is shown at the left of Figure 1 3 with plungers 64 and 
66 thereof extended, whereas mould core assembly 
44 is shown at the right of Figure 13 with plungers 64 
and 68 retracted. It also is noted that, for conveni- 
20 encein disclosure of the invention therein, certain 
features of said like mould core assemblies 42 and 
44 are shown in the mould core assembly 42 at the 
left of Figure 13 but are not shown in the mould core 
assembly 44 at the right of Figure 13, and vice versa. 
25 (Features within the scope of the preceding sentence 
are noted in description of mould core assemblies 42 
and 44 with reference to Figure 13.) It is further noted 
that, for convenience of disclosure of the invention 
herein, some features of each of like mould core 
30 assemblies 42 and 44 are shown in the section 
drawings of Figure 13 in the same plane, whereas in 
actual construction some features are not in the 
same plane but are angularly or otherwise displaced 
with respect to the longitudinal axis of cylindrical 
35 assembly sleeve 62. (Features within the scope of 
the preceding sentence are noted in description of 
mould core assemblies 42 and 44 with reference to 
Figure 13.) 

Still referring especially to Figure 13, there is 
40 centrally disposed within cylindrical asembly sleeve 
62 an elongated cylindrical manifold member gener- 
ally indicated at 78 which extends through the 
central aperture of an annular-shaped ring generally 
indicated at 80. Ring 80 supports manifold member 
45 78 and ring 80 are in turn supported within the 
cylindrical assembly sleeve 62 (sometimes called 
"assembly cylinder 62" or "plungers assembly cylin- 
der 62"). When assembled, cylinder 62, cylindrical 
manifold member 78 and annular-shaped manifold 
50 supporting ring 80 have substantially co- 
incident longitudinal central axes. 

Referring especially to like mould core assemblies 
42 and 44 in Figure 13, the annular manifold support 
ring 80 is secured to the assembly cylinder 62 in the 
55 interior thereof by a plurality of machine screws like 
81 extending through apertures like 82 in the wall of 
assembly cylinder 62 and respectively threaded into 
a plurality of drilled and threaded holes like 84 which 
extend radially into annular ring 80 from its outer 
60 periphery. In a typical embodiment, annular ring 80 
is secured to assembly cylinder 62 by three similar 
machine screws like 81 which are threaded into three 
similar holes like 84 as shown in Figure 1 3, and are 
located in the same plane normal to the longitudinal 
65 axis of assembly cylinder 62 and annular ring 80; 
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and each of the other two screws like 81 are spaced 
at an angle of 90 degrees from screw 81 shown in 
Figure 13 (such othertwo screws are not shown in 
the drawing). 

70 Still referring to Figure 13 (and especially to the 
mould core assembly 42 at the left of that figure for 
convenient description), manifold member 78 which 
extends through and is supported in the central 
aperture 83 of annular ring 80 also is laterally 
75 secured to ring 80 by a pair of like retaining rings 86 
held in circular recessed groves extending into the 
outer periphery of manifold member 78 on opposite 
sides of manifold support ring 80. The manifold 
member 78 is provided at each of its opposite ends 
80 with a reduced diameter hub 85 which is externally 
threaded at 85a. An annular stationary piston mem- 
ber generally indicated at 87 is secured to each of the 
opposite ends of manifold member 78 by means of 
threads in the central aperture 88 of piston members 
85 87 mating with threads 85a on each of hubs 85 at the 
opposite ends of.manifold member 78. Each station- 
ary piston member 87 is provided on its outer 
cylindrical periphery with an annular recessed 
groove 89 in which there is mounted any suitable 
90 commercially available annular sealing ring (or 
rings) shown at 90. Each stationary piston member 
87 also is provided on its outer cylindrical periphery 
with an annular flanged section 91 which has an 
annular planar end 92 disposed perpendicular to the 
95 longitudinal axis of cylindrical stationary piston 87. 
The axis of stationary piston 87 is coincident with the 
above described axes of assembly cylinder 62, ring 
80, and manifold member 78. 
Still referring to Figure 13 (and especially to the 
100' mould core assembly 42 at the left thereof for 

convenient description), it is noted that cylindrical 
axial plungers 64 and 66 in each of mould core 
assemblies 42 and 44 are of like configuration 
excepting that axial plungers 66 are longer than axial 
105 plungers 64 in the direction of their longitudinal axis. 
Also axial plungers 64 and 66 are mounted on their 
respective co acting stationary pistons 87 in the same 
way and operate in relation thereto in like manner as 
herein described. Each axial plunger 64 is provided 
110 with an internal hollow cylindrical portion 93, and 
each axial plunger 66 is provided with an internal 
hollow cylindrical portion 93a which is like said 
portion 93 of axial plunger 64 excepting that 93a is 
longer than 93. The open end of each cylindrical 
1 1 5 portions 93 and 93a of axial plungers 64 and 66 is 
provided with an internal cylindrical step section 94 
which in turn is provided with an internally recessed 
annular groove 95 near the open ends of hollow 
cylindrical portions 93 and 93a of axial plungers 64 
1 20 and 66 respectively. An annular ring 96 is mounted 
in internally steped section 94 of each axial plungers 
64 and 66; and each said annular ring 96 is secured 
with one flat side thereof abutting annular face 
surface 92 on the end of cylinder flange portion 91 of 
1 25 each stationary piston 87, by means of retaining 

rings 97 disposed in said annular grooves 95. Each of 
said annular rings 96 is provided with a groove 98 on 
its exterior cylindrical surface and with a groove 99 
on its interior cylindrical surface 97; and suitable 
130 commercially available sealing rings 100 are 
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mounted in each of said grooves 98 and 99. 
. SfKrfng to Figure 13 (and especially to mould 

core assembly 42 at the left thereof for convenient 

description), annular grooves 102 are provuie ad|a- 
5 cent opposite ends of each assembly cylinder 62 m 
5 the mtenorcylindrical surface 10 '^^jKJ, 

qweeoer qaskets 1 04 are provided in each of sa o 

evlindrical surface of associated axial plungers 64 
,n andoe (Referring now also to Figures 9-11, sweeper 
1 ° oaskets104 are made of any suitable commercially 

and 66 have been extended and exposed to CM mix 
TO as shown in Figure 9, and said Pagers are then 
rPtracted to inside the mould cores 49 as shown in 

particles of CM mix off the cylindrical extenors of 

P,U A"iTst 6 i:^eriorofaxialp.unge^^^^^^ 
20 including their respective ends 65 and 67 are coated 
2 wrth a sufficient thickness of a cornmerciaUy aval- 
able hard and abrasion-resistant chromium-steel 
aUoyorllke suitable material, a practical matter 
. such alloy coating is generally appl.ed slectrochem- 
25 fcaliywherebya.l surfaces of a^al P lungers 6 W 
66 will bethus coated with such metal alloy.) At least 
iheinterior surface 103 of each assembly cylinder 62 

coated with an adequate thickness of a commercially 
30 SKThmd and abrasion-resistent metal such as 
? ° chromium-steel alloy or like suitable mate 

(Aoain for practical production reasons all surfaces 
Llfhe assembly cylinder 62 may be coated ; with such 
metal alloy.) The commercially available alloy (or 
35 alloys) used for coating the interior surface 103 of 
assembly cylinder 62 and the exterior surfaces 106 of 
axfalXgers 64 and 66 is not only selected for 
.quality of hardness and resistance to ,abras.or . but is 
also selected for antl-galling properties so as to 
40 providea self-lubricating effect between sa.d sur- 
W faces of assembly cylinders 62 and ?*.at plung ers 64 
■ and 66. By specially coating cylmdr.cal assembly 
sleeve 62 and plungers 64 and 66, as above- 

oEsYd,^ 
• 45 ly indicated at45 (comprising assembly sleeve 62, 
• annular ring 80, elongated manifold member78 
stationary piston 87, axial plungers 64 and 66, and 
felated components described with specf.c ,» er- 
enceto Figure 13) will generally have a useful life of 

in typical commercial operations using biaxial CM 
carting apparatus and method inventions disclosed 
hefrTherefore, the axial plunger sub-assembly 45 

may bemade and.sold by commercial sources 
differing fromthe commercial sources providing the 
55 corebar assembly 46 which will usually also supply 

the mould cores 49. , 1fi 
ReferringnowparticuJarlytoF.gures13andl6, 

each of like manifold members 78 of mould core 
60 assemblies 42 and 44 is provided w, h a pair of 
drilled holes 108 and 109 extending longitudinally 
trough manifold member 7f ^om end to end 
spaced from and substantially Parallel to t£e ax.s ot 
member 78.Each manifold member78is also 
65 providedwithapairofdrilledholes110and112 



extending inwardlyfrom the outer periphery of 
mSfoldmember78 so thathole ,110 'ntejsecte said 
^ngitudinally extending hole 108 m mantfo d mem- 
' bar 78, and hole 1 12 intersescts longitudinally 
70 extending note 109in manifold member 78. Also 
. each manifold member 78 is provided neat each 
opposite endthereof with a pair of drilled holes 114 
and 116 extending inward from the outer periphery 
of manifold member 78 and intersecting said long.- 
75 2dlnriextendin g ho1e108 i neachmanifoldinemher. 

78 Also the opposite ends of hole 108 in each 
maSc lmemoer78 (butnothole 1D9 thereof), are- 
sealed by plugs shownat 113 in mould core 
assembly 42 atthe left of Figure 13. Referring 
80 espedalVy nowto mould core assembly 42:attti left 
oTFSure13,saidholes114and116arelocated 
adiacent each of stationary pistons 87 at the oppo- 
se endsof manifold member 78 so *at compress- 
ed air will pass from end-sealed manifold hole 108. 
85 trough holes 114 and 116to theaealed-off space 
8 1 18 bSween the stationary Diston87 and the .sealed 
annular ring 96 secured*) eacf ,o axial «Bew W 
and 66. As a result, compressed air injected ,nto tha 
sealed-off spaces 1 1 8 via manifold hole 1 08 and saio 
90 holeslUandnewillapplypositiveforcetoaxial 
plungers 64 and 66 causing them to move from the 
extended position shown in mould core assembly 42 
anhe left of Figure 13 to the fully retracted position 
ofSunVers64 9 and66showninthemouidcore . 
95 assembiy44attherightofFigure13;Tocause 
nlunoers 64 and 66 to extend, compressed air 

ooeh ends thereof into.spaces 1 17 and 1 19 of _ 
Xnge" 64 and 66 willapply positive forcetothe^. 
100 aSlungers 64 and 66 win apply positive force to 
the S plungers 64and 66 causing themto move 
from re^ racked position shown in mou.d core assem-- 
b, Y Ma\therightinFigure13totheful.y^ 
position of plungers 64 and 166 showr ,i.v the mould 
105 core assembly 42 illustrated atthe left of ^Figure 13 . 
' Still referring particularly to Figure 13 and ^16,atop 
DOrtionof ring 80 ismilled to provide a recessed 
S o having a bottom-surface 122 which be 
disobsed substantially horizontally when the plun- 
1!0 oars sub assembly 45 is assembled in mould core 
4^A oair of holes 1 10a and 112aare drilled in ring . 

so that when each ring 80 is assembled on Its 
associated manifold.member78, sa.d hole 110am 
115 rings! S continuation of hole 110 in mernberJS 
and said hole 112a in ring 80 is a cont.nua^on of hole 
1.12ln member 78. Each cylindrical assembly ^Jeeve 
62 Is provided with drilled holes 11 0b and 11 2b 
which are respectively substantially ax.ally aligned 
120 w^saW hoSL-iiO+llOa and 112+11 2a. The top 
waU 55 of each mould core 49 is Provided with 
drilled holes 110c and 1 12c which are disposed^ 
substantially vertically above holes 110b and 110c..n 
cySndricaJ assembly sleeve 62. It is noted that holes- 
125 Ii0cand112carelocatedonopposltes.desofcare 

^Referring nowto Figure 13 and Figures 14-15, an 
air coupling block 124 is welded or otherwise 
fcuredtocarebar72abovehoies110cand112c.n , 

130 mou d co°e 49 of mould core assembly 42; and an a.r . 




coupling block 126 is simularly secured to core bar 
72 above holes 1 10c and 1 12c in mould core 49 of 
mould core assembly 42. Metal tubes 128 of suitable 
material and size for conducting compressed air are 
5 disposed on opposite sides of core bar 72 and tubes 
28 are connected at one end by press-fit or in other 
suitable mannerto air passage holes 130 and 134 
drilled in air coupling blocks 124 and 126 respective- 
ly. Each of air tubes 128 extends through hole 11 2c in 
10 top plate 55 of one of mould cores 49 and through 
hole 110b in one of cylindrical assembly sleeves 62 
and has its other end press-fitted in the upper 
enlarged portion of 1 1 2a in one of annular rings 80. 
The lower ends of air tubes 1 28 are also sealed by 
15 O-ring 129 and retainer means 131 disposed in 
recessed cavity 120 in ring 80 inside assembly 
cylinder sleeve 62. Thus compressed air fed via each 
coupling block 124 and 126, respectively, through its 
associated air tube 1 28 will pass through hole 1 1 0 in 
20 manifold member 78 and then via longitudinally 
extending hole 108 through the open ends thereof to 
operate axial plungers 64 and 66 so that they will 
extend as elsewhere herein explained. Similar metal 
tubes 132 for conducting compressed air are dis- 
25 posed on opposite sides of core bar 72, and tubes 
1 32 are suitably connected at one end to air passage 
holes 135 and 143 driled in each of air coupling 
blocks 124 and 126 respectively. Each metal tube 132 
extends through a hole 1 10c in top plate 55 of each 
30 mould core 49 and hole 1 10b in associated cylindric- 
al assembly sleeve 62; and each tube 132 has its 
other lower end press-fitted in the upper enlarged 
portion of step hole 1 1 0a in annular ring 80. The 
lower ends of each of air tubes 132 are also sealed by 
35 an O-ring (like O-ring. 129) and said retainer means 
131 disposed in recessed cavity 120 in ring 80 inside 
assembly cylinder sleeve 62. Thus compressed air 
fed via air coupling blocks 1 24 and 1 26 respectively 
through tubes 132 will pass through hole 1 1 0 into 
40 longitudinally extending end-plugged hole 108 of 
each manifold member 78 to operate axial plungers 
64 and 66 so that they will retract as elsewhere 
herein explained. Retainer means 131 for O-rings 
1 29 is a plate secured in recess 1 20 in ring 80 by a 
45 plurality of screws (not shown) which are threaded 
into holes extending inwardly into ring 80 from the 
bottom of 122 of recess 120 (holes not shown). 

Air coupling block 124 is provided with another 
drilled hole 136 perpendicular to and intersecting 
50 hole 130 therein and also extending through to the 
other side of block 1 24. Air coupling block 124 is 
provided with still another hole 138 drilled therein 
perpendicularto and intersecting hole 135 in block 
124 and also extending to the other side of the block 
55 1 24. The other air coupling block 1 26 is provided 
with a hole 140 drilled therein perpendicularto and 
intersecting hole 134 to form an air conduitthere- 
with. Air coupling block 126 is also provided with 
another hole 142 drilled therein extending normal to 
60 and intersecting the hole 143 drilled in block 126 to 
provide an air conduit therethrough. An air tube 148 
is similarly suitably connected at opposite ends 
thereof to the air hole 136 drilled in air coupling 
block 1 24 and to the air hole 1 40 drilled in air 
65 coupling block 126. Also, an air tube 1 50 is suitably 
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connected at one of its ends to the other end of hole 
138 in air coupling block 124, and the opposite end of 
air tube 150 is suitably connected to air hole 142 in 
air coupling block 126. Airtubing 144 is connected to 
70 a source of constant pressure compressed air thor- 
ugh a suitable commercially available three-way 
valve or like suitable means 48v, and is press-fit or 
otherwise suitably connected at one end in hole 136 
in air coupling block 124. Airtube 146 is similarly 
75 connected to a constant pressure compressed air 
source and suitable commercially available three- 
way valve or like suitable means 48v, and is press-fit 
or otherwise suitably connected in the slightly 
enlarged end of hole 138 In air coupling block 124. 
80 When the compressed air control means such as a 
three-way valve 48v is operated to provide com- 
pressed air to conduit 144 from a conventional 
compressed air source by suitable conventional 
means like a three-way valve, the compressed air 
85 will be supplied at the same time to both axial 

plunger subassemblies 45 of mould core assemblies 
42 and 44 since they are connected in parallel to the 
compressed air source via conduit 144 whereby the 
plungers 64 and 66 of mould core assemblies 42 and 
90 44 will simultaneously be extended outwardly to the 
position shown In mould core assembly 42 at the left 
of Figure 13 and in Figures 7, 8 and 9. More 
specifically, compressed air from conduit 144 passes 
to conduit 1 28 of mould core assembly 42 and 
95 simultaneously to conduit 128 of mould core assem- 
bly 44 via tubing 148 interconnecting air couplings 
124 and 126. The compressed air passes simul- 
taneously via tubes 128 to and through holes 112a to 
ring 80 and 1 22 in manifold 78 and then through 
100 ' longitudinally extending hole 109 in manifold 78 and 
out through the open ends of hole 109 into the inside 
portions 117 and 1 19 of axial plungers 64 and 66, 
respectively, causing said plungers to extend under 
the positive force exerted thereon by compressed air 
105 in the manner described. When the compressed air 
control means such as a three-way valve 48v is 
alternatively operated to provide compressed air to 
conduit 146, compressed air will be provided at the 
same time to each of mould core assemblies 42 and 
110 44 simultaneously. In this case, the compressed air 
from conduit 146 passes via air coupling block 124 to 
and through tube 132 to mould core assembly 42, 
while compressed air simultaneously passes from 
conduit 146 via air coupling 126 through tubing 150 
115 and air coupling 126 and through airtubing 132to 
mould coraassembly 44, whereby plungers 64 and 
66 will simultaneously be retracted to the position 
shown in mould core assembly at the right in Figure 
13 and in Figures 6, 1 1 and 1 2. More specifically, the 
1 20 compressed air simultaneously provided through 
tubing 1 32 to each of mould core assemblies 42 and 
44 passes through holes 110a in ring 80 and hole 110 
in manifold member 78 and then into and through 
the end-plugged longitudinally extending hole 108 in 
125 manifold member 78, and thence through laterally 
extending passages 114 and 116 into the spaces 118 
behind stationary pistons 87 so as to apply a force 
which positively and simultaneously retracts ail of 
plungers 64 and 66 in both of the mould core 
130 assemblies 42 and 44. 
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Referring particularly to Figures 13 and 1 17, the 

bottom portion of each assembly sleave 62 and 

innutTr ringSOin each of mould core assemblies 42 

»£d 44 is provided with a pair of communicating 
and 44 is Provioe £ ^ age 

In communication with the inner portions of ax,al 
plungTs 64and66disposed on oppos.t e stdesof 

Ig lo in each of mould core ^ b, «^ 8 "* **" 
,n Such slots 152 provide passages for venting of air 
10 SoSSsSe sleeve 62and relief of P^ure when the 

S Sungers are operated as herein explained to 

extended position shown in mould core assembly *c 
ns TZ left of Figure 13 tothe retracted position 
15 shown in mould core assembly 44at.therightof 

156 is Drovided at the end of hole 154 extenomg 

be ing threaded and securedin a threaded hole.m 
3 Figure 13). The axis of pin 158 is substantiaUy 

« JmiTndicularto ring 80 and also Is coincident. with 
ESsW 9 156; and the diameter of p,n 
158is lessthanthe insidediameterof hob 154. 
•jKThus air may be vented through holes 154, 156 
35 when aSplungereeis retracted fromJh« extended 
Position shown in mould core assembly 42 atthe .left 

h3es any particles of CI* m*70 wWc? 
45 entered holes 156 during any of thai ^> ™ *°° K 
casting steps shown in any one or more of *9 ure s 
nil described above. Similar but shorter pms158a 
are sfmUa ly mounted on opposite sides of ring 80 m 
each of mould core assemblies 42 and 44, and pins 

50 1 58a extend into apertures ^g££«£? 
ni..nnfirs64 with the ends of pins 158aextenomg 

JZ\ holes 154 156 of longer axial plungers 66. (It is 
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• Referring nowto Figures 9 and 10 plus 13, afterthe 
CM rmx Wscompressed and vibratedtoform the , 

-CMKsobasshowninFigureaand 
n hmaars 64 and 66 is started as shown in Figure 10, 
™ thPre wUl be resultent substantial negative pressure. 
2 ^ vacuum efferf between (» and ends 67 of longer 

ends67ofplungers66andmoutdwalls54and 
Seen the abutting ends 65 of the PM»^ . 
Figure 10. Also, when theplungers 64and 66 are 
beinafullv retracted after complet.on of thestep 
shown^Figure 10 and before start of the step 
shown in Figure 1 1 , the ends of pins 158 and 158a 
85 wSpectively extend into holes 156 of plungers 66 
^d nto ho es 156a of plungers 64 todislodge 
Darticlesof CM mixtherefrom and.thereby cleanthe 

end S ofholes154,156and.154a ( 156a. ■ ■ 
Referring now particularly to moujd core 42 atthe 
do left of Figure 13 and also to Figure 17, each of biaxial 

plJnge sub-assemblies 45 of each of mould core_ 
assemblies 42 and 44 is mounted in Its associated 
S core 49. by a bracket 1 eohaving a rela*vely 
elongated main section T62aridtwe legs 164 
95 Sanding substantially perpendicular from sect.n 
162 as will be apparentfro'm said Figures. The . 

enableturnlng of screw 172 inthreaded aperture 
1 72ontnetnsideofbracketlegs164asshown.n . 
said Figures. Afterthe biaxial plungersub- 
assemblies 45 are mounted in apertures 59 in the 
walls 53 and 53a of mould core assemblies 42 and 
110 44, respectively, bracket 160 is secured tothe 
assembly sleeve 62 by means of screws 166 

threaded into holes 168, and then the screws : 172 
Tus nuts 176 are adjusted/in relation to bracket legs 
. and side walls 53 and 53a of the mould core 49 
1 15 so as to finalise the location of each biaxial plunger 

of mould cores 49 and.to secure each bracket 1 60 
flrmlyin relation to its mould core 49. Each respec- - 
tivTbiaxlal plunger sub assemblies 45 is thus 
120 secured^ by Kite bracket means in like manner*, the 
assodetedmouldcore.49ofeachmoul^ 
assembly 42 and-44. it is noted that the slots 
fndfcTted a A 52 cut in the underside of each .of . 

125 of eaTh annular ring 80 (as shown in Figures 13and 
17?wltl extend laterally beyondthe sides . oghe 
mounting bracket 160 as shown Particularly in 
Fioure 17 so as to permit the venting of alrfromthe 
•^rf«M*cvHndrical sleeve 62torel1eve presa- 
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64 and 66 are retracted, as above discussed. 
Reference is now made particularly to Figures 13, 

16 and 17. Suitable air tubing of metal or the like 
generally indicated at 178c is connected to the 
5 compressed air source by means of a suitable 
commercially available pressure reduction device 
48v whereby air is fed at a low pressure through 
tubing 178c and via air couplings 124 and 126 to and 
through tubing 178 to each of mould core assemb- 
10. lies 42 and 44. The flexible tubing 178 suitably 
connected to and extending from the outlet end of 
aircouplings124and 126 is passed through an 
aperture 180 in the top end surfaces 55 of each of 
muld cores 49, is "snaked" around the assembly 
15 cylinder 62 in each of mould core assemblies 42 and 
44, and is connected in series to a pair of nipples 184 
which are threaded in apertures in each assembly 
cylinder 62 so that air will pass through flexible 
tubing 178 to the inside of cylinders 62 of each 
20 mould core assembly 42 and 44. See especially 
mould core assembly 44 atthe right in Figure 13 and 
both mould core assemblies 42 and 44 shown in 
Figure 17. Flexible tubing 178 is connected by 
nipples 184 in like manner to both mould core 
25 assemblies 42 and 44 and operation.thereof is the 
same for both assemblies 42 and 44. When the axial 
plungers 64 and 66 of the mould core assemblies 42 
and 44 are retracted during biaxial CM block casting 
process in the steps illustrated in Figures 10 and 11, 
30 it is necessary to assure that all axial plungers 64 and 
66 are fully retracted so that all parts thereof are 
totally disposed inside the walls 53 and 53a of the 
mould cores 49 as shown atthe right of Figure 13 
and in Figure 1 1 before the CM block 30b is stripped 
35 from the mould 52 by the compression/stripper shoe 
as shown in Figure 11. The nipples 184 connected to 
flexible air lines 178 are located so that the aperture 
in each nipple 1 84 extending to the inside of 
assembly sleeve 62 will be blocked off by the "inner 
40 ends" of axial plungers 64 and 66 when those 
plungers are in fully retracted position, as shown 
particularly in mould core assembly 44 at the right of 
Figure 13. The nipples 1 84 in co-operation with their 
associated air lines 178 serve as "air sensors" for 
45 axial plungers 64 and 66 in each of mould core 
assemblies 42 and 44 to determine whether each 
and all said plungers 64 and 66 are fully retracted to 
inside mould core 49 as shown in mould core 
assembly 44 at the right of Figure 13. That is because 
50 if all said axial plungers 64 and 66 are fully retracted 
there will result a sufficient pre-determined back 
pressure (e.g., 5 psi or the like) which is measured by 
a suitable commercially available pressure gauge 
48g that is connected to the low pressure line 178c 
55 on the input side of air coupling 1 24 and is mounted 
on CM casting machine 48 where it can be conve- 
niently observed by the machine operator. Thus, if 
such back pressure via nipples 184 and airlines 178, 
178a is above a predetermined psi level, that indi- 
60 cates that the axial plungers 64 and 66 are fully 
retracted so that the CM block casting operation can 
be continued. On the other hand, if ail the axial 
plungers 64 and 66 are not fully retracted, air will 
pass via airlines 178 through nipples 184 into 

65 assembly cylinders 62 and out of vents 1 52 in the 



GB 2 170 442 A 11 



underside thereof; and this will cause a low and 
insufficient back pressure at the pressure gauge 48g 
in line 178c on the input side of air coupling 124, 
thereby indicating that one or more of axial plungers 

70 64 and 66 are not sufficiently retracted. The machine 
operator can then intervene to put matters aright by 
manual operation. Further, such "air sensor" 
arrangement for determining full retraction of plun- 
gers 64 and 66 by means of nipples 184 and air lines 

75 178, 178a is also used (i) to discontinue operation of 
the casting machine 48 if any axial plungers 64 and 
66 are not fully retracted or (ii) to permit continued 
operation of the casting machine 48 if the axial 
plungers 64 and 66 are fully retracted, as described 

80 below. 

Referring to Figure 1 5, the portion of conventional 
CM casting machine 48 shown in that drawing is 
madefrom a press-through of a photograph of a 
Columbia Machine Model 5 made by Columbia 
85 Machine, Inc., located in Vancouver, Washington 
("Columbia"). This model Columbia machine makes 
one block at a time, atthe rate of one block about 
every six seconds. Columbia, however, also makes 
similar CM casting machines operating in similar 
90 manner but which can produce three, six or even 1 2 
CM blocks at a time (a three-block casting machine is 
believed most commonly used in the U.S.A. CM 
block making industry). Such Columbia machines, 
exemplified by Columbia Machine Model 5, have 
95 both a manual and automatic cycle operating mode. 
For the automatic cycle operating mode, the casting 
machine has a control panel incorporting electro- 
mechanical control circuitry to operate the machine 
in a conventional cycle. In a conventional CM block 
100 casting process, conventional mould cores similar to 
cores 49 but having four planar side walls would be 
used in a conventional manner well known in the art. 
The control circuitry of casting machine provides a 
logic pattern for conventional CM casting whereby: 
1 05 (1 ) the compression/stripper shoe 56 is lifted up- 
wardly above the level of the feed tray 58 and a pallet 
60 is raised to form the bottom of mould 52, 
analogous to the phase of operation shown in Figure 
6; (2) the feed tray 58 moves in over the mould 52 
110 below the compression/stripper shoe 56, analogous 
to the phase of operation shown in Figure 7; (3) CM 
mix 70 is fed into the cavity of the mould 52 from the 
feed tray 58, analogous to the phase of operation 
shown in Figure 8; (4) the feed tray 58 is laterally 
115 withdrawn from over the mould 52 permitting the 
compression/stripper shoe 56 to come down and 
compress CM mix 70 in the mould 52 as vibration of 
mould 52 proceeds by conventional means incorpo- 
rated in CM casting machine 48, analogous to the 
120 phase of operation shown in Figure 9; (5) the 

compressed CM material formed into a conventional 
CM block such as shown at 30 in Figure 1 is then 
stripped from the cavity of the mould 52 by simul- 
taneous downward motion of compression/stripper 
125 shoe 56 and the bottom pallet 60, analogous to the 
phase of operation shown in Figure 1 1 ; (6) the 
compression/stripper shoe 56 returns upward past 
the mould cores while the newly made conventional 
CM block 30 is being ejected on its individual pallet 
130 60 onto a conveyor; (7) afterthe compression/ 
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stripper shoe 56 moves upwardly out of 
SSI 52, the above-discussed steps (IVto (« 
S repeated to carry out the «*Jgf £ 

• "to usethe biaxia! casting apparatus and process 

wherebv such compressed air passing through 
SSfSKo manifold hole 109 will cause axial 
orunaers 64 and 66 in both mould core assemblies 
,n £2Kto extend simultaneously. Also sa.d 
20 Stronichanica. composed lair ^ans 

fortheth ee-way valve48v <or other equivalent 

SnveUrnel nJans, ^-"HSSSSfT 
•jn nressed air from the source to input line 14* ito 
30 Sail axial plungers 64 and ,66) ortDjnjjt .,ne 

146 (to retract all axial plunges 64 and 66) are 
a7 P oprietely tapped into the electricalcontrolcir- 

cuitry in the control box 48cof the machine 48 to 
35 mS the machine's automatic operations logic 
pattern so asto change the machine's typ.ca 
' Kve-discussed conventional moulding eye fetoth. 
biaxial CM casting cycle shown m Figures 6-1 2 and 
^described above. Thusthe electromechanical 

v oositwelv retract axial plungers 64 and 66 in both 

compressed air isthen supplied by operation of the 
«n thretway valve to input conduit 144 to cause the 
aSpTu^ers 64 and 66 to be simultaneous^ 

position/as shown in Figures 7, 8 and 9 forthe 
. phases of the biaxial CM casting P^"^" 
55 said figures and described above; (c) the three way 

as shown in Figure 11 before the compression/ 
iriooer shoe 56 and pallet 60 are permitted or 
?ausad to be moved downward*, strip the corn- 
65 P eted CM block 30b from the mould 52 as shown in 



Figure 1 1 ; (d) the compression/stnpper shoe 66 is 
raised up pastthe mould cores 49 and the fully • 
♦!!*«5 P *ial olungers 64 and 66 disposed inside 
SSXo P uZre S 49whi.ethe just-made CM. 

70 Sockis moJed to a conveyor on its pallet 6C .and a 
70 d'ockis mwe belowthe mould 52 to 

oro^S I lottom; end (e) the CM biaxial 

KfprolssandphasesthereofshowninRgures 

75 ^SS^cSS^ pressurethird airline 
17?Xwhichextendsfromtheinputs,deofthe r 
air coupling 124 is connected to a suitable comrner- 
ciaHv available pressure gauge 48g to indicate tathe 
llfnn oDerator whether the back pressure of air at 

80 ^Jes^^ 

areaterthan a predetermined minimum back press- 
ure (l a 5 psi^thereby indicating to the operator 

' f ov is below such predetermined minimum back 
or more of axial plungere.64 and 66 are notfully 

Erected. In the latter case (2), the.operator can 
manually stop the machine 48. However r said line 

™8t Snot only connected to such a P^urega^ge 
90 butalso is connected to a pressure-operated switch 
whichisinturntappedintothecontrolcircuitry^ 
the casting machine48to operate as a "go-no go 
addS to the machine's control system so that 
after a CM block 30b has been formed as shown la 
C5 S?urt 9 the machine will not proceed with stripping 

oftheblo^ 

a I axia Plungers 64 and 66 move to fully retracted 
poslt ones shown in Figure It and in assembly 44 at 
P rie riaht of Figure 13. If all axial plungers 64 and 66 
100 are X S retracted the thus-modified machine 48 
100 wiHpreceedwith the next N 0 *^ 6 " 8 
evele involving removals of the CM block 30b as 
cycle invoiv » an dthen automatically proceed 

105 Sures 6- 2 as hereinabove described. However, if 
all axial olungers 64 and 66 are notfully retracted 
wherthey should be (as in.Figures 6 and 11 ) the 
rhus-modified machine 48 will not proceed w ththe 

ne* Phase of the biaxial CM casting P™ess: the 
110 opSorwillthendetermineandfixtneproblem 

• 

dinner Controlled Oscillation". The aforemen- 

°t1c are suitablytapped into the control arrenge- 
1 25 merit shown in said Columbiadraw.ng to modify the 
Xa^d operating programme governing conven-. 

as to perform automatic operation of the b ax al CM 
, orocess of Figures 6-1 2 as herein disclosed 
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6-12 plus Figures 13-17. 

As will be apparent to one skilled in the art in light 
of the disclosure and detailed explanation herein of 
the biaxial CM casting apparatus and biaxial CM 
5 casting method of the present inventions, although 
the same are explained byway of example as used 
in a Columbia Machine Model 5 casting machine 
having only one mould, such new biaxial casting 
apparatus can be installed in like manner in commer- 
10 cially available machines having three moulds, six 
moulds or even up to twelve moulds by using for 
such multiple moulds of equal number of mould 
core systems generally indicated at 41 including 
mould core assemblies 42 and 44 and core bar and 
15 mounting assembly 46 (see Figures 13-14). 

It is believed that the construction of the biaxial 
CM block casting apparatus and its mode of opera- 
tion and functional results according to the present 
invention will be clear to one skilled in the art from 
20 the disclosure hereinabove, particularly with refer- 
- enceto Figures 13-17 and detailed discussion there- 
of. It is also believed that the mode of operation of 
biaxial CM casting process according to the present 
inventions and functional results according to the 
25 present inventions also will be fully apparent from 
the detailed description hereinabove with reference 
to Figures 6-12 in conjunction with Figures 13-17. 

Reference is now made to Figures 18 and 19 which 
schematically show modified embodiments of 
30 above-described mould core assemblies 42 and 44 
that are indicated generally at 42b and 44b. Compo- 
nents of the modified embodiment shown in Figures 
1 8-1 9 which are the same as corresponding compo- 
nents of the embodiment shown in Figures 13-17 
35 plus Figures 6-12 are identified by like numerals. 
Components of the modified embodiment of Figures 
18-T9 which are similar to but changed from compo- 
nents of the embodiment shown in Figures 13-17 
plus Figures 6-12 are identified by the same numer- 
40 als as used in Figures 13-17 and 6-12 plus the letter 

Mould core assembly 44b in the embodiment of 
Figures 18 and 19 is constructed and operated In the 
same way as mould core assembly 44 shown at the 
45 right of Figure 13, excepting that mould core assem- 
bly 4b has an axial plunger 64b plus an axial plunger 
66. The axial plunger 66 in the modified mould core 
assembly 44b is the same as axial plunger 66 in 
mould core assembly 44 shown in Figure 13. The 
50 axial plunger 64b of the embodiment in Figures 
18-19 is like the axial plunger 64 in mould core 
assembly 44 shown in Figure 13; but axial plunger 
64b of the embodiment as shown in Figures 18-19 is 
longer than inner axial plunger 64 in the mould core 

55 assembly 44 shown in Figures 13-17 and diagram- 
matically illustrated in Figures 6-12. The inwardly 
disposed axial plunger 64b of mould core assembly 
44b is sufficiently longer than the inwardly disposed 
axial plunger 64 of core mould assembly 42 in Figure 

60 13 so that when plunger 64b is extended the end 65b 
thereof will engage the wall 53b of the mould core 
49b of mould core assembly 42b. Thus extended 
plunger 64b will provide a cylindrical end section of 
plunger 64b which spans the space between wall 53a 

65 of mould core assembly 44b and wall 53b of mould 



core assembly 42b as shown in Figure 19 - in a 
manner comparable to the abutting ends 65 of 
extended plungers 64 of mould core assemblies 42 
and 44 as shown in Figures 7-9 (which are analogous 
70 to Figure 1 9). The mould core assembly 42b in the 
embodiment of Figures 18-19 is similar to the mould 
core assembly 42 of the embodiment of Figures 
13-17 and Figures 6-12 in that mould core assembly 
42b has an axial plunger 66 which is the same in 
75 construction and mode of operation as the axial 
plunger 66 of the mould core assembly 42 shown in 
Figures 13-17 and Figures 6-12. However the mod- 
ified embodiment of mould core assembly 42b 
shown in Figures 18-19 differs from the mould core 
80 assembly 42 in Figures 13-17 (and illustrated in 

Figures 6-1 2) in that mould core assembly 42b in the 
embodiment of Figures 18-19 has a planar wall 53b 
(without any apertures such as shown at 59 in wall 
53a of mould core assembly 42 at the left of Figure 
85 13). The mould core assembly 42b is built analog- 
ously to mould core 42 (and mould core 44) de- 
scribed above in detail with reference to Figures 
13-17; but the manifold member in mould core 
assembly 42b corresponding to manifold 78 of 
90 mould core assembly 42 (and 44) is built with only 
one stationary piston such as shown at 87 at the left 
in mould core assembly 42 in Figure 13 and with 
only one axial plunger 66 (like plunger 66 in mould 
core assembly 42 in Figure 13). The air supply 
95 arrangement for the mould core assembly 44b in the 
embodiment of Figures 18-19 is like that forthe 
mould core assembly 44 described above with 
reference to Figures 13-17. However, in the embodi- 
ment of Figures 18-19 the manifold in mould core 
100 assembly 42b corresponding to manifold 78 in 

mould core assembly 42 (at the left of Figure 13) is 
modified to provide only air conduits for operation 
of the single axial plunger 66 in mould core assem- 
bly 42b. The air supply means for the mould core 
105 assembly 42b are generally similar to those forthe 
mould core assembly 42 at the left of Figure 13. 
However, such air supply means for mould core 
assembly 42b are connected to only one set of holes 
in ring. 80 and associated holes in the modified 
110 manifold to actuate the single plunger 66 to extend 
outwardly and retract inwardly (similarly to opera- 
tion of plunger 66 of the mould core assembly 42 at 
the left in Figure 13). Further only one nipple 1 84 is 
connected to the outer axial sleeve 62 of mould core 
1 1 5 assembly 42b and connected to a flexible air line 
178, with nipple 184 disposed adjacent the end of 
axial plunger 66 of mould core assembly 42b when 
said plunger 66 is in fully retracted position so as to 
operate as an "air sensor" to indicate full retraction 
120 of the axial plunger 66 of mould core assembly 42b 
in a manner like that described above with reference 
to mould core assembly 42 (and mould core assem- 
bly 44) in the embodiment of Figures 13-17 also 
. illustrated in Figures 6-12. 
1 25 Figure 1 8 shows the embodiment of Figures 1 8-1 9 
with the axial plungers 66 and 64b fully retracted 
similarly to retraction of plungers 64 and 66 m the 
phase of operation shown in Figure 6 for the 
embodiment of Figures 13-17 (and also analogous to 
130 the phases of operation shown in Figures 11 and 12 
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fortha embodiment of Figures 13-")- lh " m ^?*" 
ment of Figures 18-19 is shown in Figure 19 with the 
5 1 hungers 66 and 64b in extended position 
sfmUartV to extension of plungers64 end 66 ^shown 
s ^Hgue7forthe embodiment of Figures 13- 7 (and 
5 a "so analogous to extended position o sa.d pUingers 
for the phases of operation shown in Figures 8 and 9 
fortheembodimentofFigures13-17). 

ft isbelieved thatthe construction of Rifled 
-V0 biaxial CM casting apparatus 

mould core assemblies 42b and 44b of Figures 18-19, 
and the mode of operation and functional, results 
thereof according to the presentlnvenjion , w.HT be 
clear to one skilled in the art from the disclosure 
t5 her Jin particularly in light of the detailed disclosure 
of Figures 13-17 and Figures 6-12. It s also believed 
Sat the mode of operation of biaxial CM casting 
process using the modified apparatus embody 
of Figures 18-19 according to the present mventton 
™ and functional resultsthereofalsow.il befully 

°ne skilled in the artf rom the disclosure 
Kn particularly in Hght of the detailed description 
with reference to Figures 6-1 2 of the apparatus 
embodiment of Figures.13-17. 
25 it is noted that use of the embodiment of F.g- 
ores13-17 incorporating two like mould core 
assemblies 42 and 44 particularly shown in Figures 
■ 13-15 each having two axial plungers 64 and 66 is 

preferable to the modified embodiment of Figure . 
30 18-19 for purposes of economical volume produc- 
tion of such mould core assembles due to the 
greatercommonality of parts o 'the mou co re 
assemblies 42 and 44 of the embod.ment of Figure 
1 S 3-17 as compared to the mould core — I- 
35 42b and 44b of the embod.ment of Figures 18-19. 
However, the above-described embodiment of Fi- 
oures18-19willperformwellalso. . 
9 Reference is now made particularly to F.gures 
. 20-24 which schematicallyshow another modifmd 
40 embodiment of biaxiar CM apparatus and method 
using modifications of above-described mould core 
assemblies 42 and 44 that are indicated generally at 

5 44d. Components of the modified embodl- 
ment shown in Figures 20-23 which erethesame as 

45 corresponding components of the embod.ment 
. shownin Figures 13-17 orFigures 18-19 and Figures 
6-1 2) are identified by like numerals and letters. 
Components of the modified embodiment of Rgures 
• 2O-T4 which are similar to but changed from compo- 
50 nente of the embodiment shown in Figures 13-17 or 
Rgures 18-19 (and Figures 6-12) are identified by the 
same numerals as used in Figures 13-17 or Figures 
18-19 {and Figures 6-12) plus the letters c or d 
The biaxial CM block casting apparatus shown in 
55 Rgures 20-23 and the biaxial CM casting process 
described with reference thereto are used for making 
a biaxially cast CM "T-block" such as shown m 
Raure 24 and described with reference thereto. It is 
noted the CM T-block shown in Figure 24may also 
60 be referred to as a "trivially cast" CM block, and 

6 thatTheCM casting apparatus and method disclosed 

n and with reference to Figures 20-23may also be 
respectively called a "triaxial CM casting apparatus 
and a "triaxial CM casting method. , 
65 Mould core assembly 42c in the embod.ment of 



Roures 20-23 is constructed and operated in the 
same way as mould core assembly 44b shown et the 
right Sure 19, as described ebove (with refer- 
ence to Figures 13-17), excepting thatmould core 

70 assembly 42c is inverted leftto right compared I to 
mourcoreassembly44bshowninFigure19.The 

Solunger 66 in the modified mould core assem- 
ble is the seme as axial plunger 66 in mould core 
assembly 42 shown in Figure 13. The axial plunger 
75 64b of mould core assembly 42c is like the axial 
P ^geT64inmouldcoreassembly42shown,n 

figure 13; but axial plunger 64b of mould core 
assembly 42c shown in Rgures 20-23 is sufficiently 

80 assembly 44shbwn in Figures13-17eothat when 
plunger 64b is extended the end 65bthereof will 
engage the wall 53d of the mould core 49d of mould 
core assembly 44d. Thus extended plunger 64b w.ll 
provide a cylindrical end section of plunger 64b 
85 which spansthe space between wall 53a of mould 
core assembly 42c and has its end 65b engaging wall; 
53cof mould core assembly 44d as.shown in Figures 
20 and 22, in a manner similar to operation of 
Plunger 64b in mould core assembly 42b as shown 
90 in Finure 19 and described with reference thereto. 
TkeBmbodimentofFIgures20-231ncorporatesa 

mould core assembly 44d which is s.miler in con- • 
Sruction and mode of operation to the mould core • 
assembly 44 of the embodiment of F.gures 13-17, 
95 butmodfned mould core assembly 44d ofl figures 
20-23 differs from mould-eore assembly 44 of 
Figures 13-17 asfollows (referring to F.gures 20-23 
comparedto Rgures 13-17)-. (1) A modified mould 
core 49d has a Jelr of opposed spacer Plenare.de 
1 00 walls 53c (which do not have circular apertures 59 

Swreln as in mould core assembly 44 of F.gures 
■ 13-15) - (2) Modified mould core 49d is provided ,n 
opposed pIanerwalls51dthereofwith.aligned 
c ircul a rapertures59d;(3)The mould core sub- 
105 assembly (indicated at 45 in Figures 13-15) '"eluding 

105 assemUcy^^ 

mounted end secured in said apertures S9d of mould 
core 49d in like manner as mould core sub-assembly 
45 in the embodiment of Figures 13-15 as above- 

110 descr be^^^ 

components in their plungers assembly cylinder 62 

are deposed (a) perpendicular to "^omponentt In 
mould core assembly 44 in Figures 13-15, and (b) 
perpendicular to like components of mould core v 
1 1 5 assembly 42c in the embodiment of Rgures 20-23, 
(5)A^alplungers66dareofequelaxia1 engtfim 

mould core assembly 44d in the embodiment 
Sues 20-23; andthe length of said axial, plungers 
66d is such that when said plungers are fully 
1 20 extended by compressed air means the ends 67 of 
n^noers 66d will engage the longer mould boxs.de 
• Ss 9 ndicated at 54?* TFigures^and J«tl.n«d 
Tat longer sides of mould box 52/mould 52 are. 
Sometimes indicatedby numeral 51< to ^mguish 
1 25 said sides from shorter sides 51 of mould box 
Smould 52.1; (6) Dimensions ofsleeve 62 and 

otoTr internal components of mould core assembly 
44dwUbesuitabl -modified consistent withthe 
foreS-intheembodimentof Rgures 20-24 the 
130 compressed air supply and control arrangementfor 
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extending and retracting plungers 66 and 64b of 
mould core assembly 42c and plungers 66d of mould 
core assembly 44d f plus the air sensors arrangement 
for assuring full retraction of said plungers, are the 
5 same as described above for the embodlmnt of 
Figures 13-17. 

The compressed air supply means and the air- 
plunger sensor means for the mould core assemb- 
lies 42c and 44d, plus the air sensors arrangement 
10 for assuring full retraction of said plungers, are the 
same as described above for the embodiment of 
Figures 13-17. 

The compressed air supply means and the air- 
plunger sensor means for the mould core assemb- 
15 lies 42c and 44d are similar to those for the 

respective mould core assemblies 42 and 44 in the 
embodiment of Figures 13-17 as described above 
with reference to said Figures. The mould cores 42c 
. and 44d are mounted in like manner as mould core 
20 assemblies 42 and 44 of Figures 13-17 on a core bar 
and mounting means such as indicated at 46, 72, 74, 
75 in Figures 13-1 5. The compressed air means and 
air sensor means for mould core assemblies 42c and 
44d are similarly mounted and connected as for 
25 assemblies 42c and 44d are similarly mounted and 
connectedasfor asemblies 42 and 44 in Figures 
13-17, except that some components like nippies 184 
are turned 90 degrees for mould core assembly 44d 
in the embodiment of Figures 20-24. 
30 The embodiment of Figures 20-24 is shown in 
Figures 21 and 23 with the four axial plungers 66, 
64b and 66d fully retracted similarly to full retraction 
of plungers 64 and 66 in the phase of operation 
shown in Figure 6 for the embodiment of Figures 
35 13-17 (and also analogous to the phases of operation 
shown in Figures 11 and 12 for the embodiment of 
Figures 13-17). The embodiment of Figures 20-24 is 
shown in Figures 22 and 24 with the axial plungers 
66, 64b and 66d in extended position similarly to 
40 extension of plungers 64 and 66 shown in Figure 7 
for the embodiment of Figures 13-17 (and also 
analogous to extended position of said plungers for 
the phases of operation shown in Figures 8 and 9 for 
the embodiment of Figures 13-17). 
45 it is believed that the construction of modified 
biaxial CM casting apparatus incorporating modified 
mould core assemblies 42c and 44d of Figures 20-24, 
and the mode of operation and functional results 
thereof according to the present invention will be 
50 cleartooneskiiledintheartfromthedisctosure . 
herein particularly in light of the detailed disclosure 
of Figures 20-24 plus Figures 13-17 and Figures 18-19 
. with reference to Figures 6-1 2. It is also believed that 
the mode of operation of the biaxial CM casting 
55 process using the modified apparatus embodiment 
of Figures 20-24 according to the present invention 
and functional results thereof also will be fully 
apparent to one skilled in the art from the disclosure 
herein particularly in light of the detailed description 
60 of Figures 20-25 with reference to Figures 6-12 plus 
Figures 13-17 and Figures 18-19. 

Reference is now made particularly to Figure 24 
and 5a (with reference also to Figure 1, and Figures 
2-5). Figure 24 shows an embodiment of biaxially 
65 cast CM "T-block" made by using the above- 
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described biaxial CM casting apparatus shown in 
Figures 20-23 and using a biaxial casting method 
disclosed above with reference to said figures. The 
T-block made by this modification of biaxial CM 
70 casting apparatus and method of Figures 20-23 
according to the present invention is generally 
indicated at 30c in Figure 24 and comprises a pair of 
longitudinally extending face shells 31c which are 
interconnected by laterally extending end web 32b, 
75 central web 34a, and end web 32c thereby forming 
two cavities 35c and 35d which extend through CM 
T-block 30c from the top to the bottom thereof in the 
direction of the axis of casting as will be apparent 
from Figure 24 with reference to the other figures 
80 mentioned Jin the first two sentences of this para- 
graph). The end web 32b and the central web 34a are 
each provided with openings 40 which are made by 
varying the mould cavity during casting and timing 
such variation of said mould cavity in such a way as 
85 to vary the shape of the CM block 30c to provide web 
openings 40 extending in the direction of a second 
axis normal to the first axis of casting without a 
secondary manufacturing operation, as herein dis- 
closed. It is noted that end web 32c is not provided 
90 with such an opening 40 (in contrast to biaxially cast 
CM block 30b shown in Figure 5A and biaxially cast 
CM block 30a shown in Figures 2-5). The biaxially 
cast CM T-block 30c is also provided with two 
substantially aligned openings 40d in opposed por- 
95 tions of the face sheNs31c in the region of cavity 35d 
of block 30c r and said openings 40d in the direction 
of a third axis normal to the axis of casting and also 
normal to said second axis of openings 40 in webs 
32b and 34a. More particularly, said openings 40 in 
1 00 end web 32b and central web 34a are made by 

varying the mould cavity during casting and timing 
such variation by selectively using plungers 66 and 
64b of the mould core assembly 42c in extended and 
retracted positions as shown in Figures 20-23 and 
1 05 above explained. Said openings 40d in the face 
shells 31c are made by varying the mould cavity 
during casting and timing such variation of the 
mould cavity in such a way as to result in variation of 
the shape of the CM block 30c to provide openings 
110 40d extending normal to the axis of casting and also 
normal to said second axis of web openings 40 
without any secondary or tertiary manufacturing 
operation as explained here. More particularly, said 
openings 40d in face shells 31c are made by 
115 selectively timed extension and retraction of the 
axial plungers 66d of mould core assembly 44d of 
the apparatus disclosed in Figures 20-23 in the 
operation of said apparatus to perform the biaxial 
CM casting method described above with reference 
120 to Figures 20-23^ 

Referring again now particularly to Figure 24, the 
resultant T-block 30c may be joined at its end which 
has openings 40d in face shells 31c to a pair of 
biaxially cast CM blocks 30b of configuration such as 
125 shown in Figure 5A at the ends of two CM block wall 
sectioins made up of CM blocks like 30b (or 3Qa) so 
that the opening 40 in the end web 32b of the 
adjoining end block 30b of one such CM block wall 
sections will be in communication with an opening 
1 30 40d in one of the two face shells 31 c of T-biock 30c 
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and thus also with cavity 35d of such WoekSO 
Similarly, the opening 40 in the end web 32b , erf the 
other adjoining end block 30b of the other such CM 
block wall section will be in commun.cat.on with the 
5 second opening 40d in the other face shell 31c and 
thus also with cavity 35d of T-block 30c Hence 
piping and/or electrical conduits orthe like can be 
extendedthrough openings 40 in any of such CM 
blocks 30b into and through one or both face shell 
in openings 40d, cavity 35d and web openings 40 of 
° block 30c and then extended in either d.rection 
into the perpendicular intersecting walls made up of 
biaxiallv cast CM blocks 30b having openings 40 in 
the enS "and centra, webs thereof, as will be apparent 
Wtoon^lledlntheartlnllght^eshowi^CM 

blocks 30b in conjunction with CM T-block 30c in 
F gure 24 and explanation thereof herein, t also will 
beepperentthatthebiaxiellycastCMT-WockSOc 
used in conjunction with the biaXially castCM blocks 
20 30b es shown in Figure 24 and herein explained to 
provide a "T-wall-connection" will also enablethe 
flow of air through the cavities within said intersect- 
ing CM block walls (called a "T-wall-connection ) 
such as illustrated in Figure 24 and herein described. 
25 Reference is now made particularly to F|Sures 
25-29 which schematically show st.ll another mod- 
ified embodiments of biaxial CM apparatus and 
method using modifications of above-described 
mouldcore assemblies 42 and 44in Figures 13-17 
30 and 42b and 43cin Figures 18-19thatare ^.cated 
generally at 42c and 44e. Components of the mod- 
ffied embodiments shown in Figures 25-29 which are 
the same as corresponding components of the 
• embodiment shown in Figures 13-17 or Figures 
35 18-19 (and Figures 6-12) are identified by "ka 
numerals and letters. Components of the modified 
embodiment of Figures 25-29 which are 
butcbanBedfromcomponenteoftheembod.ments 

shown in Figures 13-17 or Figures 18-19 (and _Rgures 
40 6-12) are identified by the same numerals and _letters 
es used in Figures 13-17 or Figures 18-19 and 6-12 
plus the letter "e". . 

The biaxial CM block casting apparatus shown in 
Figures 25-28 and the biaxial CM casting process 
45 described with reference thereto are used for ^making 
a biaxiallycastCM "L-block" or"corner ^blocld such 
as shown in Figure 29 and described with reference 
thereto. It is noted that the CM "L-block" shown in 
Figure 29 may also be called a "triaxially cast CM 
50 block, and thatthe CM casting apparatus and 
method disclosed in. and with reference to Figures 
25-28 may also be called a "triaxial CM casting 
apparatus" and a "trlaxial CM casting method . 
Mould core assembly 42c in the embodiment of 
55 Figures 25-29 is constructed and operated in the 
same way as mould core assembly 42c shown atthe 
leftof flgure 20, with mould core assembly 42c. See 
atove description of mould core assembly 42c with 
referenced mould core assemblies 42 and 1 44ln 
60 Figures 13-17 and modified mould core assembly 
44b of Figures 18-19 (which is incorporated herein by 
reference and thus is not repeated here). As In the 
embodiment In Figures 20-23, when the . ax.a. , plun- 
gers 66 and 64b are extended the end 67 of outer 
65 axial plunger 66wili engege the adjacent shorter 



mould side 54 of muld 52 and the end 65b of inner 

axial plunger 64b will engagethe wall 53c of the 

mould core 49e of mould core assembly 44e. Thus 

extended plunger 64b will provide a cylindrical end 

70 section of plunger 64b which spans the space 

between wall 53a of mould core assembly 42c and 

has its end 65b engaging wall 53c of mould core 

assembly 44e as shown in Figures 25 and 27 in a 

manner like operation of plunger 64b in mould core 

75 assembly 42c as shown in Figure 20 and described 

with reference thereto. 
The embodiment of Figures 25-28 incorporates e 

mould core assembly 44e which is s.milarto the 
mould core assembly 44dofthe embodiment of 
80 Figures 20-23 with respect to mounting and orienta- 
tion of the plunger sub-assembly in mould core 49e; 
but core 49e of mould core assembly 42e differs 
from mould core 49d and the biaxial plunger sub- 
assembly of mould core assembly 44e also differs 
85 from mould core assembly 44d which has been fully 
described above in relation to mould core assembly 
44 of Figures 13-17. The modified embodiment of 
mould core assembly 44e shown in Figures 25-28 
further differs from the mould core assembly ;44d in 
90 Figures 20-24 in like manner as single axial Plunger 
of mould core asesmbly 42b of Figures 1 8-19 differs 
In construction and operation from mould core 
assemhly 44 (or 42) of Figures 13-17 as above 
described with reference to the embodiment of 
95 Figures 18-19. In the embodiment of Figures 25-28 
(analogous to the embodiment of Figures 18-19) 
mould core 49 has a plenar wall 51 ^utany 
aperture such as shown at 59d in wall Bid I of mould 
core assembly 44d atthe right of F.gure»20 and 21. 
100 Like above-described mould core assembly 42b of 
Figures18-19, mould core assembly 44b.s bu.lt 
analogously to mould core 44 (and mould core 42) 
described above in detail with reference to Figures 
13-17: but, as described with reference to mould 
105 core assembly 42bin Figures 18-19, the manifold 
member in mould core essemb.y 44e correspon d ng 
to manifold 78 of mould core assembly 44 in Figures 
13-17 is built with only one stationary piston such as 
shown at 87 in mould core assembly 44 (and 42) in 
1 1 o Figure 13 and with only one axial plunger 66d 

corresponding to plunger 66 in mould core assembly 
44 shown in Figures 13-17. 



115 The compressed air suply and air sensor arrange- 

mentsforthe mould core assembK/ 42c ,rr the 
embodiment of Fig ures 25-28 is like thatf or the 

mould core assembly described above w th refe - 
ence to Figures 13-17 and with reference to mould 
120 core assembly 42c of Figures 20-23. However asm 
the above-described mould core assembly 42b the 
embodiment of Figures 18-1 9, the manifold m mould . 
core assembly 44e corresponding to manifold 78 in 
mould core assembly 44 (atthe right of Figure 13) is 
125 modified toprovide only air conduits or operation 
of the single axial plunger 66d in mould core 

means and the air-plunger sensor means lor the . 
mould core assembly 42e are similar tc .those for the 
130 mould core assembly 42c atthe left of F.gures 18-19 



as described above. That is compressed air supply 
means for mould core assembly 42e are connected 
to only one set of holes In the modified manifold 78 
to actuate the single plunger 66d in relation to a 

5 single stationary piston to extend plunger 66d 
outwardly and retract It inwardly (similarly to opera- 
tion of plunger 66 at mould core assembly 42b in the 
embodiment of Figures 18-19 described above). 
Further, as described with reference to mould core 
10 assembly 42b in Figures 18-19, only one nipple such 
as 184 in Figure 13 in connected to mould core 
assembly 42e and connected to an air line such as 
178 with that nipple disposed adjacent to inner end 
of axial plunger 66d of mould core assembly 44e is in 

15 fully retracted position in a manner like that de- 
scribed above with reference to mould core assem- 
bly 42b of Figures 18-1 9 compared to mould core 
assembly 42 (and 44) in the embodiment of Figures 
13-17. 

20 The embodiment of Figures 25-28 is shown in 
Figures 25 and 27 with the three axial plungers 66, 
64b and 66d fuUy retracted similarly to retraction of 
plungers 64 and 66 in the phase of operation shown 
in Figure 6 for the embodiment of Figures 13-17 (and 

25 also analogous to the phases of 13-17). The embodi- • 
ment of Figures 20-24 is shown in Figures 24 and 26 
with the axial plungers 66 and 64b in extended 
position similarly to extension of plungers 64 and 66 
shown in Figure 7 for the embodiment of Figures 

30 13-17 (and also analogous to extended position of 
said plungers for the phases of operation shown in 
Figures 8 and 9 for the embodiment of Figures 
13-17). 

It is believed that the construction of modified 
35 biaxial CM casting apparatus incorporating modified 
mould core assemblies 42c and 44d of Figures 25-28, 
and the mode of operation and functional results 
thereof according to the present invention will be 
clearto one skilled in the art from the disclosure 
40 herein particularly in light of the detailed disclosure 
of Figures 25-28 plus Figures 13-17 and Figures 18-19 
. with reference to Figures 6-12. It is also believed that 
the mode of operation of the of the biaxial CM 
casting process using the modified apparatus embo- 
45. diment of Figures 25-28 according to the present 
invention and functional results thereof also will be 
fully apparent to one skilled in the art from the 
disclosure herein particularly in the light of the 
detailed description of Figures 20-25 with reference 
50 to Figures 6-1 2 plus Figures 1 3-17 and Figures 18-1 9. 
Reference is now made particularly to Figures 29 
and 5A (with reference also to Figure 1, and Figures 
2-5). Figure 29 shows an embodiment of biaxially 
cast CM "L-block" made by using the above- 
55 described biaxial CM casting apparatus shown in 
Figures 25-28 and using a biaxial casting method 
disclosed above with reference to said figures. The 
L-block made by this modification of biaxial CM 
casting apparatus and method of Figures 25-28 
60 according to the present invention is generally 
indicated at 30e in Figure 29 and comprises a pair of 
longitudinally extending face shells 31c and 31 
which are interconnected by laterally extending end 
web 32b, central web 34a f and end web 32c thereby 
65 forming two cavities 35c and 35e which extend 
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through CM L-block 30e from the top to the bottom 
thereof in the direction of the axis of casting as will 
be apparent from Figure 29 with reference to the 
other figures mentioned (in the first two sentences of 
70 this paragraph). The end web 32b and the central 
web 34a are each provided with openings 40 which 
are made by varying the mould cavity during casting 
and timing such variation of said mould cavity in 
such a way as to vary the shape of the CM block 30e 
75 to provide web openings 40 extending in the direc- 
tion of a second axis normal to the first axis of 
casting without a secondary manufacturing opera- 
tion, as herein disclosed. It is noted that end web 32c 
is not provided with such an opening 40 (in contrast 
80 to biaxially cast CM block 30b shown in Figure 5A 
and biaxially cast CM block 30a shown in Figures 
2-5). The biaxially cast CM L-block 30e is also 
provided with one opening 40d in a portion of the 
face shell 31 in the region of cavity 35e of block 30e, 
85 and said opening 40d extends in the direction of a 
third axis normal to the axis of casting and also 
normal to said second axis of openings 40 in webs 
32b and 34a. More particularly, said openings 40 in 
end web 32b and central web 34a are made by 
90 varying the mould cavity during casting and timing 
such variation by selectively using plungers 66 and 
64b of the mould core assembly 42c in extended and 
retracted positions as shown in Figures 25-28 and 
above explained. Said opening 40d in the face shell 
95 31c is made by varying the mould cavity during 

casting and timing such variation of the mould cavity 
in such a way as to result in variation of the shape of 
the CM block 30e to provide openings 40d extending 
normal to the axis of casting and also normal to said 
100 second axis of web openings 40 without any secon- 
dary or tertiary manufacturing operation as ex- 
plained herein. More particularly, said opening 40d 
in face shell 31c is made by selectively timed 
extension and retraction of the single axial plunger 
1 05 66d of mould core assembly 44e of the apparatus 
disclosed in Figures 25-28 in the operation of said 
apparatus to perform the biaxial CM casting method 
described above with reference to Figures 25-28. 
Referring again now particularly to Figure 29, the 
110 resultant L-block 30e may be joined at its end which 
has opening 40d in face shell 31 c to a biaxially cast 
CM block 30b of configuration such as shown in 
Figure 5A at the end of a CM block wall section made 
up of CM blocks like 30b (or 30a) so that the opening 
115 40 in the end web 32b of the adjoining end block 30b 
of such a CM block wall section will be in communi- 
cation with opening 40d in face shell 31c of L-block 
30e and thus also with cavity 35e of such block 30e. 
Hence, piping and/or electrical conduits or the like 
120 can be extended through openings 40 in any of such 
CM blocks 30b into and through face shell opening 
40d, cavity 35e and web openings 40 of L-block 30e 
and then extended at the corner of the two adjoining 
CM block walls into the perpendicular intersecting 
125 wall made up of biaxially cast CM blocks 30b having 
openings 40 in the end and central webs thereof, as 
will be apparent to one skilled in the art in light of the 
showing of CM blocks 30b in conjunction with CM 
L-block 30e in Figure 29 and explanation thereof 
130 herein. It also will be apparent that the biaxially cast 



CM T-block 30e used in conjunction with the biaxial- 
ly cast CM blocks 30b as shown in Figure 29 and ^ 
herein explained to provide a "corner connection ' 
will also enable thef low of air through the cavities 
5 within said intersecting CM block walls (called a "CM 
block walls corner connection") such as illustrated In 
Figure 29 and herein described. 

Reference is made now to Figures !3-15for 
discussion of another modification which is not 
10 disclosed as such in the drawings but which wilt be 
described with reference to changes made in com- 
ponents shown in said figures. In the embodiment of 
Figures 13-17, the core barand mounting assembly 
generally indicated at 46 and particularly shown in 
15 Figures 13-15 includes a conventional type commer- 
cially available core bar assembly comprising an 
elongated core bar 72 with a pair of transversely 
extending mounting brackets 74 at opposite ends 
thereof and air couplings 124 and 126 mounted on 
2Q core bar 72 by welding or any other suitable manner. 
There are also mounted on core bar 72 air conduit 
means for connection to a compressed air source 
• and mould core assemblies 42 and 44 for operation 
thereof to extend and retract the axial plungers 64 
25 and 66. Such air conduit means comprises tubing 
144 and 148 plustubing 1 28 artd related air conduit 
means connected to and via air blocks 124 and 126 to 
extend the plungers 64 and 66; and the air conduits 
for retracting axial plungers 64 and 66 constitutes air 
30 tubing 146 and 1 50 and 132 connected to and via air 
couplings 124 and 126. Also, the low pressure air 

conduit for the "air sensor" means to indicate 
whether or not axial plungers 64 and 6 are fully 
retracted comprises flexible tubing 178 and air 
35 tubing 178a connected to and via air couplings T24 
and 126. In. lieu of conventional core bar 72, a 
modified core bar (notshgwn) may be made incor- 
porating (a) the equivalent of air couplings 124and 
126 and air conduit means 144, 124, 128, 148,.126, 
40 128 for extending plungers 64 and 66, plus (b).the 
equivalent of air conduit means 1 46, 1 24, 1 32, 1 50, 
126, 132, plus also (c) the equivalent of low air 
pressure conduit 178a, 124, 178b, 126 and 178. To 
accomplish this modified core bar assembly embo- 
45 diment, at least some of said equivalent air conduit 
means would be formed within a portion of the 
modified core bar (similar to 72) which will probably 
be made in two or more parts welded or similarly 
secured together. This will make such modification 
50 of core bar assembly 46 shown in Figure 13-15 more 
compact arid thereby provide advantages for use of 
a biaxial CM mould core system like that generally 
indicated at 41 arid thus modified as herein discus- 
sed. It will be apparent to those skilled in the art in 
55 light of the disclosure herein with reference to the 
embodiment of Figures 13-17 that such modification 
of core bar 72 to incorporate in the core bar air 
couptings 124 and 126 and related air conduits 
extending to, between and from air couplings 124 
60 and 126 may be done in various ways according to 
• • such modification of the embodiment of Figures . 
13-15 as herein discussed. 
• Reference is now made particularly to Figures 
30-31 which disclose a "biaxial maintenance mod- 
65 uie" generally indicated at 182 which is used for 



cleaning/the axial plungers 64 and 66 of mould core 
assemblies 42 and 44 of the biaxial CM mould core 
system 41 shown in Figures 13-17 at the end of a 
particular run or working day or the like. The 
70 maintenance module 182 comprises a base 184and 
two side walls 185 and 186 connected at their lower 
edges to base 184, plus two like end frames 188 
connected along their bottom sides to base 184 and 
along their vertically extending edges to .sides 185 
75 and 186. The maintenance module 182 also includes 
a centreframe 189 connected at the bottom thereof 
. to base 184 and at the sides th'eeof to side walls 185 
and 186. The two like end frames 188 and centre 
frame 189 may be made in any suitable mannerfor 
80 purposes of mounting below-described cleaning 
sponges (or equivalent) for cleaning the axial plun- 
gers of mould cores 42 and 44; and the particular 
construction of the biaxiar maintenance module 182 
shown in Figures 20-22 and below described in detail 
• 85 is exemplary. Each of like end frames 188 and also 
middle frame 189 is made up of two vertically 
extending angle-shaped members 190intercon- 
• nected by a pair of horizontally extending memhers. 
191 to form three substantially square outer frames 
90- comprising part of end frames 188 and centreframe 
189. Four triangular gussets 192 are secured-to 
• members 190 and 191 which form the outer square 
framework of each of end frames 188 and middle 
frame 189 as will be apparent.fromthe drawings r 
■95 particularly Figures 30 and 31. Referring to end 
frames 188, a cylindrical member 194 of relatively 
short length is mounted within and secured to 
gussets 192 of each of end frames 188 in the centre 
thereof in any suitable manner Similarly, a cylihdric- 
100 ai member 195 of relatively short length Ts mounted 
Within and secured to gussets 192 in the central 
portion of centreframe 189 in any suitable manner. 
The bottom 184, sides 185 and 186, end frames 188 
and centre frames 189 may be formed of any ■ 
1 05 suitable material, and such components preferably 
are made of a strong transparent plastic material 
selected from one of several commercially available 
plastic materials which are suitable forthe construc- 
tion and usage of biaxial maintenance module 182. 
.110 Typically, bottom 184 and sides 185 and 186 would 
be ahout 172 inch thick and members 1 91 and 1 92 
could be 1/4" X 1 " angles. An annular ring 1 96 or 
sponge rubber (or suitable equivalent material) is • 
mounted in each of cylinders 194 in end frames 188, 
115 as shown particularly in Figure 32. A circular piece of 
sponge rubber (or suitable equivalent material} 
indicated at 198 is mounted overthe outer face 
portions of cylindrical sponge rubber rings-196 and 
secured to cylinders 1 94 on each of end frames 1 88, 

120 as will be apparent particularly from Figures 32 and 
31 of the drawings. Two rings of sponge rubber 196a 
with a circular piece of sponge rubber 1 98a disposed 
there between is mounted in the cylindrical member 
195 in the central frame member. 189 as shown 
125 particutarlyin Figures 32 and 31 of the.drawings. In a 
typical commercial embodiment of the biaxial . 
maintenance module 182, the sponge rings 196 ; 
would be about one inch thick and have an outside 
• diameter of about 5-1/2 inches sized to fit with in the 
130 inside diameter of rings 194 in which said sponge 




rubber rings 196 are secured by any suitable means. 
Also, the rings 1 96 would have an inner diameter 
slightly smaller than the outer diameter of axial 
plungers 64 and 66 of the mould core assemblies 42 
5 and 44 which are shown particularly in Figure 13 
{and likewise with respect to the plungers of mod- 
ified mould core assemblies 42b and 44b of the 
modified embodiments of Figures 18-19). The 
sponge rings 196a would be approximately one-half 
10 inch thick {or slightly more) and would have an outer 
diameter and inner diameter similar to that of rings 
196 as above discussed. The circular sponge mem- 
ers 198 disposed on the outer sides of sponge rubber 
rings 196 of end frames 188 and the circular sponge 
15 member 198a disposed between sponge rubber 
rings 196a in the middle frame 189 are made of 
sponge rubber (or equivalent material) about 1/8 
inch thick in a typical embodiment of biaxial mainte- 
nance module 182. 
20 At the end of a run or at the end of a day, or the 
like, the biaxial maintenance module 182 is used to 
clean the cylindrical exteriors of axial plungers 64 
and 66 and their respective end portions 65 and 67 of 
biaxial CM mould core system 41 shown in Figures 
25 13-17. Referring now to Figures 6-1 2, the pallet 60 
shown in said Figures is mounted on a vertically 
moving platen (not shown) which is incorporated in 
CM casting machine 48 and moves up and down 
witha pallet 60 to carry out various phases of CM 
30 biaxial moulding process shown Fn Figures 6-12 and 
above described. To use the biaxial maintenance 
module 182, the platen is lowered below the mould 
box 52 of machine 48. The biaxial maintenance 
module 182 is placed on the thus lowered platen so 
35 that when the platen is raised {e.g., as indicated in 
Figure 6), the mould core assemblies 42 and 44 will 
respectively enter into the two top open portions of 
maintenance module 182 with one of said mould 
core assemblies disposed between centre frame 189 
40 and end frame 188 and the other such assembly 
disposed between centre frame 189 and the other 
end frame 188. The biaxial maintalnance module 182 
is raised within the mould box 52 so that the central 
axis of each of biaxial plungers 64 and 66 of the 
45 mould core assemblies 42 and 44 are coincident with 
the central axes of axially aligned rings 196 and 
196a. The machine 48 is manually operated to cause 
the plungers 66 of each of the two mould core 
assemblies 42 to enter the inside of sponge rubber 
50 rings 196 with the plunger ends 167 engaging 
circular end sponges 198 on the frame ends 188. 
Plungers 64 of each of said mould core assemblies 
are simultaneously caused to enter Into the centres 
of middle sponge rubber rings 196a with the ends 65 
' 55 of axial plungers 64 engaging opposite surfaces of 
the circular sponge 198a mounted on the central 
frame member 1 89. The sponges 1 96, 1 96a, 1 98, and 
198a are soaked in water and/or in a silicon- 
containing liquid so as to better clean the surfaces 
60 and ends of the axial plungers 64 and 66 by the 
above-described biaxial maintenance module. Use 
of the biaxial maintenance module and cleaning of 
the axial plungers 64 and 66 and ends 65 and 67 
thereof as above described is carried out by manual 
65 operation of the CM casting machine 48 by the 
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operator. 
CLAIMS 

70 1. A biaxial casting apparatus for making a 
concrete masonry ("CM") blocks including four 
walls in substantially rectangular plan configuration 
enclosing a cavity extending through the block in a 
first direction an an opening extending through at 

75 least one of the walls in a second direction trans- 
verse to the first direction, the apparatus being 
adapted to be disposed in the mould of a CM casting 
machine with said mould including a mould box 
comprising four substantially vertically disposed 

80 side walls disposed in substantially rectangular pJan 
configuration, and the apparatus comprising a 
mould core having four walls in substantially rectan- . 
gular plan configuration and enclosing a cavity, the 
four walls of the mould core being intended to be 

85 spaced inwardly from the respective side walls of the 
mould box to provide the space for casting the four 
walls of the blocks, a plunger movably mounted in at 
least one wall of the mould core for movement 
between a first position extending outwardly from 

90 the said wall and a second position retracted into the 
cavity of the mould core, and means for moving the 
plunger. 

2. A biaxial casting apparatus for making a 
concrete masonry ("CM") block including a pair of 

95 opposing spaced face shells with at least three 

spaced webs extending transversely to and intercon- 
necting said face shells and forming at least two 
cavities boundaried by said webs and portions of 
said face shells, said cavities extending through the 

100 CM block in the direction of the axis of casting of 

such block, said apparatus adapted to be disposed in 
the mould of a CM casting machine with said mould 
including a mould box comprising four substantially 
vertically disposed side ewalls disposed in substan- 

105 tially rectangular plan configuration with a first pair 
of said side walls being longer than the second pair 
of said side walls, said biaxial casting apparatus 
comprising: 

(a) at least two mould cores substantially vertically 
1 1 0 disposed in said mould, said mould cores having 

substantially vertically disposed side walls arranged 
in substantially rectangular plan configuration, with 
a wall of each of said mould cores spaced from a 
wall of an adjacent mould core, and other walls of 

1 1 5 said mould cores being spaced from side walls of 
said mould box so as to form a mould cavity which 
in plan has a like configuration as the plan of the CM 
block to be made in said apparatus, with the vertical 
axis of said mould cores extending in the direction of 

1 20 the axis of casting of a CM block made in said 
apparatus; 

(b) at least one of said mould cores containing 
means for laterally projecting outwardly from at 
least one side of said mould core in like longitudinal 

125 direction as said first longer mould core in like 

longitudinal direction as said first longer mould side 
walls during selected phases of a CM casting 
process using said apparatus so that said means 
provides a temporary mould core laterally extending 

130 into said mould cavity along an axis transverse to 
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said axis of casting during such selected phases of 
using said apparatus in casting a CM block so as to 
form an opening extending through at ieast one of 
the adjacent webs of the resultant CM block with 
5 such web opening extending In a direction trans- 
verse to the axis of casting; 

(c) said mould core also containing means for 
retracting said outwardly projecting means thereof 
to within the periphery of said mould core so as to 
10 remove said temporary mould core from said mould 
cavity during other selected phases of such a CM 
casting process using said apparatus. 

3. A biaxial casting apparatus for making a CM 
block as defined In claim 1 wherein: 
15 (a) said mould core contains means for laterally 
projecting outwardly from opposite sides of said 
mould core to provide a pair of temporary mould 
cores laterally extending into said mould cavity 
along an axis transverse to the axis of castrng during 
20 selected phases of using said apparatus for casting a 
CM block so as to form openings extending through 
at least two adjacent webs of the resultant CM block 
with said web openings extending in a direction- 
transverse to the axis of casting. 
25 4. A biaxial casting apparatus for making a CM 

block as defined in claim 1 wherein: 

(a) a second of said mould cores contains means 
for laterally projecting outwardly from opposite 
sides of said mould side walls during selected 
30 phases of a CM casting process using said apparatus 
with said means projecting laterally outwardly from 
opposite sides ofsaid first and second muld cores 
being substantially aligned and together providing 
at least three temporary mould cores laterally ex- 
35 tending into said mould cavity in like longitudinal 
direction as said first mou.ld sides and during 
selected phases of using said apparatus in casting of 
a CM block so as to form openings extending 
through each of said three spaced webs of the 
40 resultant CM block with each of said web openings 
extending in a direction transverse to the axis of 
casting; and . . 

(b) the second of said mould cores also containing 
means for retracting said outwardly projecting 
45 means to within the periphery of said sescond 
mould core so as to remove the portions of the 
temporary mould cores formed by said means from 
said mould cavity during other selected phases of 
such a CM casting process using said apparatus. 
50 5. A biaxial casting apparatus for making a CM 
block according to claim 1 wherein: 

(a) a second of said mould cores contains means 
for laterally projecting outwardly from one side of 
said second mould core in like longitudinal direction 
55 ofsaid first longer mould side during selected 

phases of a CM casting process using said apparatus 
with said means projecting laterally outward from 
said first and second mould cores providing at least 
three temporary mould cores laterally extending into 
60 said mould cavity during said selected phases of 
such CM casting process so as to form openings 
extending through each of said three webs of the 
resultant CM block with each ofsaid web openings 
extending in a direction transverse to the axis of 
65 casting; 



(b) said second mould core also containing means 
for retracting this outwardly projecting means there- 
of to within the periphery of said second mould core 
so as to remove the temporary mould core portion 
70 formed by said means of said mould core from said 
mould cavity during other selected phases of a CM 
casting process using said apparatus. 

6. A biaxial casting apparatus for making a CM 
block as defined in claim 2 wherein : 
75 (a) a second of said mould cores contains means 
for laterally projecting outwardly from at least one of 
opposite sides of said mould core in like direction as 
said second shorter mould side walls and transverse 
to the axis of casting during selected phases of a CM 
80 casting process using said apparatus so that said 
means in said second mould core provides at least 
one temporary mould core laterally extending into 
said mould cavity along an axis which is transverse 
to said axis of casting and also transverse to the 
85 direction of the axis of two said web openings during 
selected phases of using said apparatus for casting a 
CM blockso as to form at least one opening 
extending through at least one face shell of the CM 
block between one of said webs which has an 
90 opening therein extending in a direction transverse 
to the axis of casting and another of said webs which 
does not have any such opening therein; 

(b) said second mould core also containing means 
for retracting said outwardly projecting means to 
95 within the periphery of said second mould core so as 
to remove the temporary mould core formed by said 
means from said mould cavity during other selected 
phases of such a CM casting process using said 
apparatus. , 
100 7. A biaxial casting apparatus for making of CM 
blocks as recited in claim 5 wherein : said second 
mould core contains means for laterally projecting 
outwardly from two opposite sides ofsaid mould 
core in like direction as said second shorter mould 
105 sidewallsto provide a pair of temporary mouldcore 
laterally extending into said mould cavity along an 
axis which is transverse to said axis of casting and 
also transverse to the direction of the axis of two 
said openings in said webs during selected phases, 
110 of using said apparatus in casting a CM blockso as 
to form a pair of substantially aligned openings one 
each in opposite portions of said faceshells between 
two webs of the CM block one of which webs has • 
one ofsaid web openings extending therethrough 
1 1 5 and the other of said webs not having any such 
opening extending therethrough. 

8. A biaxial casting apparatus for making a CM 
block according to any of claims 1 through 6 further 
comprising: compressed air meansfor positively 
120 causing said laterally projecting means to extend 
outwardly of its associated mould core to provide 
temporary mould cores in the mould cavityandalso 
compressed air meansfor positively retracting in- 
wardly each ofsaid laterally projecting means to 
125 within the periphery of its mould core. 

9 A biaxial casting apparatusfor making a cm 
block according to any of claims 1 through 6 wherein 
said outwardly projecting means for providing said 
openings in said webs cause the axes of said web 
130 openings to extend substantially normal to the axis 
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said axis of casting during such setected Phases of 
using said apparatus in casting a CM Mock so as to 
San opening extending trough at least one of 
SJadjacentwebs of the resultant CM block w,th 
5 such web opening extending in a direction trans- 
verse to the axis of casting; 

(c) said mould core also containing means for 
retracting said outwardly projecting means thereof 
to within the periphery of said mould core so , asto 
10 removesaidtemporarymouldcorefromsa.dmould 
cavityduring other selected phases of such a CM 
casting process using said apparatus. 

3 A biaxial casting apparatus for making a CM 
block as defined in claim 1 wherein: 
15 (a) said mould core contains meansfor laterally 
projecting outwardlyfrom opposite s.desof said 
mould core to provide a pair of temporary mould 
cores laterally extending into saId , m ° uld ° av, * rI na 
along an axis transverse to the axis of casting during 
20 selected phases of using said apparatus for casting a 
CM block so as to form openings extending through 
at leasttwo adjacent webs of the resultant CM block 
with said web openings extending in a direction- 
transverse to the axis of casting. 
25 4. A biaxial casting apparatus for making a owi 
block as defined in claim 1 wherein: 

(a) a second of said mould cores contains means 
for laterally projecting outwardlyfrom opposite 
sides of said mould side walls during selected 
30 phases of a CM casting process using said apparatus 
with said means projecting laterally outwardlyfrom 
opposite sides ofsaid first and second muld cores 
being substantially aligned and together providing 
at least three temporary mould cores laterally ex- 
35 tending into said mould cavity In like longitudinal 
direction as said first mould sides and during 
selected phases of using said apparatus in casting of 
a CM block so as to form openings extending 
through each of said three spaced webs of the 
40 resultant CM block with each of said web openings 
extending in a direction transverse to the axis of 

^bHhe second of said mould cores also containing 
means for retracting said outwardly projecting 
45 means to within the periphery ofsaid sescond 
mould core so as to remove the portions of the 
temporary mould cores formed by said means from 
said mould cavity during other selected phases of 
such a CM casting process using said apparatus. 
50 5. A biaxial casting apparatus for making a CM 
block according to claim 1 wherein: 

(a) a second ofsaid mould cores contains means 
for laterally projerting outwardly from one side of 
said second mould core in like longitudinal direction 
55 of said first longer mould side during selected 
. phases of s CM casting process using said apparatus 
with said means projecting laterally ° u ^ ardf J° m . 
said first and second mould cores providing at least 
three temporary mould cores laterally extending into 
60 said mould cavity during said selected phases of 
such CM casting process so as to form openings 
extending through each of said three webs of the 
resultant CM block with each of said web openings 
extending in a direction transverse to the axis of 
65 casting; 



(b) said second mould core also containing means 
for retracting this outwardly projecting means there- 
of to within the periphery of said second mould core 
so as to remove the temporary mould core portion 
70 formed by said means of said mould core from said 
mould cavity during other selected phases of a CM 
casting process using said apparatus. 

6. A biaxial casting apparatus for making a CM 
block as defined in claim 2 wherein: 
75 (a) a second of said mould cores contains means 
for laterally projecting outwardlyfrom at least one of 
opposite sides of said mould core in like direction as 
said second shorter mould side walls and transverse 
to the axis of casting during selected phases of a CM 
80 casting process using said apparatus so that said 
means in said second mould core provides at least 
one temporary mould core laterally extending into 
said mould cavity along an axis which is transverse 
to said axis of casting and also transverse to the 
85 direction of the axis of two said web openings during 
selected phases of using said apparatus for casting a 
CM blockso as to form at least one ope^ng 
extending through at least one face shell of the CM 
block between one ofsaid webs which has an 
90 opening therein extending in a direct ion transverse 
to the axis of casting and another ofsaid webs wh.ch 
does not have any such opening therein; 

(b) said second mould core also conta.ning means 
for retracting said outwardly projecting means to 
95 within the periphery of said second mould coreeo ^as 
to remove the temporary mould core formed by said 
means from said mould cavity during other selected 
phases of such a CM casting process using said 

100 ^7 " A biaxial casting apparatus for making of CM 
blocks as recited in claim 5 wherein: said second 
mould core contains meansfor laterally projecting 
outwardlyfrom two opposite sides of said mould 
core in like direction as said second shorter mould 
105 sldewallsto provide a pair of temporary mould core 
laterally extending into said mould cavity along an 
axis which is transverse to said axis of castmg and 
also transverse to the direction of the axis of two 
said openings in said webs during selected phases, 
110 of using said apparatus in casting a CM blockso as 
to form a pair of substantially aligned openings one 
each in opposite portions of said faceshells between 
two webs of the CM block one of which webs has 
one ofsaid web openings extending therethrough 
115 and the other of said webs not having any such 
opening extending therethrough. 

8. A biaxial casting apparatus for making a CM 
block according to any of claims 1 through 6 hirther 

comprising: compressed air means for positively 
1 20 causing said laterally projecting means to extend 
outwardly of its associated mould coreto provide 
temporary mould cores In the mould cav.ty andalso 
compressed air meansfor positively retracting iiv 
wardly each ofsaid laterally projecting means to 
125 within the periphery of its mould core. 

9 A biaxial casting apparatus for making a CM 
block according to any of claims 1 through 6 wherem 
said outwardly projecting means for providing said 
openings In said webs cause the axis of said web 
130 openings to extend substantially normal to the axis 
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rubber rings 1 96 are secured by any suitable means. 
Also, the rings 1 96 would have an Inner diameter 
slightly smaller than the outer diameter of axial 
plungers 64 and 66 of the mould core assemblies 42 
5 and 44 which are shown particularly in Figure 13 
(and likewise with respect to the plungers of mod- 
ified mould core assemblies 42b and 44b of the 
modified embodiments of Figures 1 8-19). The 
sponge rings 196a would be approximately one-half 
10 inch thick (or slightly more) and would have an outer 
. diameter and inner diameter similar to that of rings 
196 as above discussed. The circular sponge mend- 
ers 1 98 disposed on the outer sides of sponge rubber 
rings 196 of end frames 188 and the circular sponge 
15 member 198a disposed between sponge rubber 
rings 196a in the middleframe 189 are made of 
sponge rubber (or equivalent material) about 1/8 
inch thick in a typical embodiment of biaxial mainte- 
nance module 182. 
20 At the end of 'a run or at the end of a day, or the 
like, the biaxial maintenance module 182 is used to 
clean the cylindrical exteriors of axial plungers 64 
and 66 and their respective end portions 65 and 67 of 
biaxial CM mould core system 41 shown in Figures 
26 13-17. Referring nowto Figures 6-12, the pallet 60 
shown in said Figures is mounted on a vertically 
moving platen (not shown) which is incorporated in 
CM casting machine48 and moves up and down 
witha pallet 60 to carry out various phases of CM 
30 btaxiah moulding process shown m Figures 6-12 and 
above described. To use the biaxial maintenance 
module 182, the platen is lowered below the mould 
box 52 of machine 48. The biaxial maintenance 
module 182 is placed on the thus lowered platen so 
35 that when the platen is raised (e.g., as indicated in 
Figure 6), the mould core assemblies 42 and 44 will 
respectively enter into the two top open portions of 
maintenance module 1 82 with one of said mould 
care assemblies disposed between centre frame 189 
40 and end frame 188 and the other such assembly 
disposed between centre frame 189 and the other 
end frame 188. The biaxial maintainance module 182 
is raised within the mould box 52 so that the central 
axis of each of biaxial plungers 64 and 66 of the 
45 mould core assemblies 42 and 44 are coincident with 
the central axes of axially aligned rings 196 and 
1 96a. The machine 48 is manually operated to cause 
the plungers 66 of each of the two mould core 
assemblies 42 to enter the inside of sponge rubber 
50 rings 196 with the plunger ends 1 67 engaging 
circular end sponges 198 on the frame ends 188. 
Plungers 64 of each of said mould core assemblies 
are simultaneously caused to enter into the centres 
of middle sponge rubber rings 196a with the ends 65 
55 of axial plungers 64 engaging opposite surfaces of 
the circular sponge 198a mounted on the central 
frame member 189. The sponges 196, 196a, 198, and 
198a are soaked in water and/or in a silicon- 
containing liquid so as to better clean the surfaces 
60 and ends of the axial plungers 64 and 66 by the 
above-described biaxial maintenance module. Use 
of the biaxial maintenance module and cleaning of 
the axial plungers 64 and 66 and ends 65 and 67 
thereof as above described is carried out by manual 
65 operation of the CM casting machine 48 by the 
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operator. 
CLAIMS 

70 1 . A biaxial casting apparatus for making a 
concrete masonry ("CM") blocks including four 
walls in substantially rectangular plan configuration 
enclosing a cavity extending through the block in a 
first direction an an opening extending through at 

75 least one of the walls in a second direction trans- 
verse to the first direction, the apparatus being 
adapted to be disposed in the mould of a CM casting 
machine with said mould including a mould box 
comprising four substantially vertically disposed 

80 side walls disposed in substantially rectangular plan 
configuration, and the apparatus comprising a 
mould core having four walls in substantially rectan- 
gular plan configuration and enclosing a cavity, the 
four walls of the mould core being intended to be 

85 spaced inwardly from the respective side walls of the 
mould box to provide the space for casting the four 
walls of the blocks, a plunger movabiy mounted in at 
least one wall of the mould core for movement 
between a first position extending outwardly from 

90 the said wall and a second position retracted into the 
cavity of the mould core, and means for moving the 
plunger. 

2. A biaxial casting apparatus for making a 
concrete masonry ("CM") block including a pair of 
95 opposing spaced face shells with at least three 

spaced webs extending transversely to and intercon- 
necting said face shells and forming at least two 
cavities boundaried by said webs and portions of 
said face shells, said cavities extending through the 

100 CM block in the direction of the axis of casting of 

such block, said apparatus adapted to be disposed in 
the mould of a CM casting machine with said mould 
including a mould box comprising four substantially 
vertically disposed side ewalls disposed in substan- 

105 tially rectangular plan configuration with a first pair 
of said side walls being longer than the second pair 
of said side walls, said biaxial casting apparatus 
comprising: 

(a) at least two mould cores substantially vertically 
110 disposed in said mould, said mould cores having 

substantially vertically disposed side walls arranged 
in substantially rectangular plan configuration, with 
a wall of each of said mould cores spaced from a 
wall of an adjacent mould core, and other walls of 

115 said mould cores being spaced from side walls of 
said mould box so as to form a mould cavity which 
in plan has a like configuration as the plan of the CM 
block to be made in said apparatus, with the vertical 
axis of said mould cores extending in the direction of 

120 the axis of casting of a CM block made in said 
apparatus; 

(b) at least one of said mould cores containing 
means for laterally projecting outwardly from at 
least one side of said mould core in like longitudinal 

125 direction as said first longer mould core in like 

longitudinal direction as said first longer mould side 
walls during selected phases of a CM casting 
process using said apparatus so that said means 
provides a temporary mould core laterally extending 

130 into said mould cavity along an axis transverse to 
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of casting* 

10. A biaxial casting apparatus for making a CM 
block according to claim 5 wherein said means for 
providing a temporary mould core to make said 
5 opening In said one face shell forms said opening in 
said face shell with an axis extending substantially 
normal to the axis of casting and also substantially 
normal to the axis of said openings in the webs of 
the CM block. 

10 M- A biaxial casting apparatus for making a CM 
block according to claim 6 wherein said means for 
providing temporary mould cores to make said pair 
of openings in said face shells forms said openings 
in said face shells in a direction substantially normal 

15 tothe axis of casting and also substantially normal 
to the axis of said openings in the webs of the CM 
block. 

1 2. A biaxial casting apparatus for making a 
concrete masonry ("CM") block, substantially as 

20 herein before described with reference to Figures 6 
to 17 of the accompanying drawings. 

13. - A biaxial casting apparatus for making a CM 
block, according to claim 1 1 but modified substan- 
tially as hereinbefore described with reference to 

25 Figures 18 and 19 of the accompanying drawings. 

14. A biaxial casting apparatus for making a CM 
block; according to claim 11 but modified substan- 
tially as hereinbefore described with reference to 
Figures 20 to 23 of the accompanying drawings. 

30 15. A biaxial casting apparatus for making a CM 
block, according to claim 1 1 but modified substan- 
tially as hereinbefore described with reference to 
Figures 25 to 26 of the accompanying drawings. 

16. A biaxial casting apparatus for making a CM 
35 block according to claim 11 but modified substantial- 
ly as hereinbefore described with reference to 
Figures 27 to 28 of the accompanying drawings. 

17. A biaxial casting method using a casting 
machine and apparatus according to claim 1, com- 

40 prising the steps of disposing a pallet with respect to . 
the mould box to provide a mould bottom, moving 
the plunger into Its first position, feeding CM mix 
into the space, vertically lowering compressor/strip- 
per means and compressing the CM mix in the space 

45 to form a CM block having an opening in at least one 
wall occupied by the extended plunger, retracting 
the plunger into Its second position so as to release 
the plunger from the opening, and moving the 
compressor/stripper means and the pallet down- 

50 ward to strip the block from the mould box. 

18. A biaxial casting method using a casting 
machine and apparatus for making a concrete 
masonry ("CM") block having an opening in at least 
one of the webs thereof as recited in Cl aim 1 , such 

55 apparatus also including compressor/stripper means 
vertically movable with respect to said mould box 
and mould cores, pallet means vertically and lateral- 
ly movable with respect to the bottom of said mould 
box,, efnd CM material feed means laterally movable 

60 to above said : mould box and away therefrom, said 
method comprising: 

(a) disposing a pallet with respect to said mould 
box to provide a mould bottom; extending said 
laterally projecting means from at least one of the 

65 mould cores into the mould cavity to provide a 



temporary mould core laterally extending into the 
mould cavity along an axis transverse to the axis of 
casting; feeding CM mix to the mould cavity from 
said feeder means; and vertically lowering said 

70 compressor/stripper means and compressing the 
CM mix in the mould cavity to form a CM block 
having an opening extending through at least one of 
the webs of said CM block in a direction transverse 
to the axis of casting; 

75 (b) retracting said laterally projecting means to 
within the periphery of the mould core containing 
same to remove said temporary mould core from 
said mould cavity; moving said compressor/stripper 
means and said pallet downward to strip from said 

80 mould box the CM block disposed on said pallet; 
transferring said CM block and pallet laterally away 
from below the mould box; placing another pallet 
below the mould box and vertically raising said 
pallet to said mould box to provide a mould bottom; 

85 and vertically raising said compressor/stripper 
means from said mould box and disposing it out of 
the path of said laterally movable CM material feed 
means. 

19. A biaxial casting method using a casting 
90 machine and apparatus for making a concrete 

masonry {"CM") block having an opening in each of 
the three webs thereof as recited in Claim 3, such 
apparatus also including compressor/stripper means 
vertically movable with respect to said mould box 
95 and mould cores, pallet means vertically and lateral- 
ly movable with respect to the bottom of said mould 
box, and. CM material feed means laterally movable 
to above said mould box and away therefrom, said 
method comprising: 

100 * (a) disposing a pallet with respect to said mould 
box to provide a mould bottom; extending said 
laterally projecting means from opposite sides of 
said mould cores into the mould cavity to provide 
three temporary mould cores laterally extending into 

105 the mould cavity along an axis transverse to the axis 
of casting; feeding CM mix fo the mould cavity from 
said feeder means; and vertically lowering said 
Gompressor/stripper means and compressing the 
CM mix in the mould cavity to form a CM block 

110 having openings extending through each of three 
webs of said CM block in a direction transverse to 
the axis of casting; 

(b) retracting said laterally projecting means to 
within the periphery of the mould cores containing 

115 same to remove said temporary mould cores from 
said mould cavity; moving said compressor/stripper 
means and said pallet downward to strip from said 
mould box the CM block disposed on said pallet; 
transferring said CM. block and pallet laterally away 

120 from below the mould box; placing another pallet 
below the mould box and vertically raising said 
pallet to said mould boxto provide a mould bottom; 
and vertically raising said compressor/stripper 
means from said mould box and disposing it out of 

125 the path of said laterally movable CM material feed 
means. 

20. A biaxially casting method using a casting 
machine and apparatus for making a concrete 
masonry ("CM") block having an opening in each of 

130 the three webs thereof as recited in Claim 4, such 
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apparatus also including compressor/stripper means 
vertically movable with respect to said mould box 
and mould cores, pallet means vertically and lateral- 
ly movable with respect to the bottom of said mould 
5 box, and CM material feed means laterally movable 
to above said mould box and away therefrom, said 
method comprising: 

(a) disposing a pallet with respect to said mould 
boxto provide a mould bottom; extending said 
1 0 laterally projecting means from sides of said mould 
cores into the mould cavity to provide three tempor- 
ary mould cores laterally extending into the mould 
cavity along an axis transverse to the axis of casting; 
feeding CM mix to the mould cavity from said feeder 
•15 means; and vertically lowering said compressor/ 
stripper means and compressing the CM mix in the 
mould cavity to form a CM block having openings 
extending through each of three webs of said CM 
blockin a direction transverse to the axis of casting; 
20 (b) retracting said laterally projecting means to 
within the periphery of the mould cores containing 
same to- remove said temporary mould cores from 
said mould cavity; moving said compressor/stripper 
means and said pallet downward to strip from said 
25 mould boxthe CM block disposed on said pallet; 
transferring said CM block and pallet laterally away 
from below the mould box; placing another pallet 
below the mould box and vertically raising said 
pallet to said mould boxto provide a mould bottom; 
30 and vertically raising said compressor/stripper 
means from said mould box and disposing it out of 
the path of said vertically movable CM material feed 
means. 

21. A biaxial casting method using a casting 
35 machine and apparatus for making a concrete 
masonry ("CM") block having an opening in a least 
two adjacent webs thereof and in at least one face 
shell thereof as recited in Claim 5, such apparatus 
also including compressor/stripper means vertically 
40 movable with respetto said mould box and mould 
cores, pallet means vertically and lateralfy movable 
with respect to the bottom of said mould box, and 
CM material feed means laterally movable to above 
said mould box and away therefrom, said method 
45 comprising: 

(a) disposing a pallet with respect to said mould 
box to provide a mould bottom; extending said 
laterally projecting means from opposite sides of 
one of the mould cores into the mould cavity to 
50 provide a pair of temporary mould cores laterally 
extending into the mould cavity along an axis 
transverse to the axis of casting r and extending 
laterally projecting means from at least one side of 
the second mould core in like direction of said 
55 second shorter mould side walls to provide at least 
one temporary mould core extending into the mould 
cavity in direction of a third axis transverse to both 
aforementioned axes; feeding CM mix to the mould 
cavity from said feeder means; and vertically I owe r- 
60 ing said compressor/stripper means and compress- 
ing the CM mix in the mould cavity to form a CM 
block having openings extending through at least 
two adjacent webs of said CM block in a direction 
transverse to the axis of casting and at least one 
65 opening extending through at least one face shell of 



said CM block between a web thereof which has one 
of said openings therein and another web which 
does not have such an opening therein; 
(b) retracting said laterally projecting means to 
70 within the periphery of the mould cores containing 
same to remove said temporary mould cores from 
said mould cavity; moving said compressor/stripper 
means and said pallet downward to strip from said 
mould boxthe CM block disposed on said pallet; 
75 transferring said CM block and pallet laterally away 
from below the mould box; placing another pallet 
befowthe mould box and vertically raising said 
pallet to said mould boxto provide a mould bottom; 
and vertically raising said compressor/stripper 
80 means from said mould box and disposing it out of 
the path of said laterally movable CM material feed 
means. 

22. A biaxial casting method using a casting 
-machine aparatus for making a concrete masonry 
85 ("CM") block having an opening in a least two 
adjacent webs thereof and a pair of substantially 
aligned openings in portions of opposite face shells 
thereof as recited in Claim 6, such apparatus also 
including compressor/stripper means vertically 
90 movable with respect to said mould box and mould 
cores, pallet means vertically and laterally movable 
with respect otthe bottom of said mould box, and 
CM material feed means laterally.movableto above 
said mould box and away therefrom, said method 
95 comprising: 

(a) disposing a pallet with respect to said mould 
box to provide a mould bottom; extending said 
laterally projecting means from opposite sides of 
one of the mould cores into the mould cavity to 
100 providea pair of temporary mould cores laterally 
extending into the mould cavity along an axis 
transverse to the axis of casting, and extending 
laterally projecting meansfrom opposite sides of the 
second mould core in like direction of said second 
1 05 shorter mould side walls to provide a pair of mould 
cores extending into the mould cavity In direction of 
a third axis transverse to both aforementioned axes; 
feeding CM mixtothe mould cavity from said feeder 
means; and vertically lowering said compressor/ 
110 stripper means and compressing the CM mix in the 
mould cavity to form a CM block having openings 
extending through at teast two adjacent webs of said 
CM block in a direction transverse to the axis of 
casting and a pair of substantially aligned openings 
115 one each in opposite portion of said face shells of the 
CM block between a web thereof which has one of 
said openings therein and another web which does 
not have such an opening therein; 
(b) retracting said laterally projecting means to 
120 within the periphery of the mould cores containing 
same to remove said temporary mould cores from 
said mould cavity; moving said compressor/stripper 
means and said pallet downward to strip from.said 
mould box the CM block disposed on said pallet; 
125 transferring Said CM block and pallet laterally away 
from below the mould box; placing another pallet 
below the mould box and vertically raising said 
pallet to said mould boxto provide a mould bottom; 
and vertically raising said compressor/stripper 
130 means from said mould box and disposing it out of 
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the path of said laterally movable CM material feed 
means. 

23. A biaxial casting method substantially as 
hereinbefore described with reference to Figures 6 to 

5 1 2 of the accompanying drawings. 

24. A biaxial casting method substantially as 
hereinbefore described with reference to Figures 18 
and 19 of the accompanying drawings. 

25. A biaxial casting method substantially as 

10 hereinbefore described with reference to Figures 20 
to 23 of the accompanying drawings. 

26. A biaxial casting method substantially as 
hereinbefore described with reference to Figures 25 
to 26 of the accompanying drawings. 

15 27. A biaxial casting method substantially as 
hereinbefore described with reference to Figures 27 
to 28 of the accompanying drawings. 

28. A biaxially cast concrete masonry ("CM") 
block made by the method according to claim 17. 

20 29. A biaxially cast concrete masonry block ("CM 
block") made by a biaxial CM casting method as 
defined in claim 16 comprising: a pair of opposing 
spaced face shells; at least three spaced webs 
extending transversely between and connecting said 

25 face shells and forming at least two cavities between 
pairs of said webs and portions ofsaid face shells, 
sard cavities extending through the CM block in the 
direction of the axis of casting of such block; at least 
one ofsaid webs having a biaxially cast opening 

30 extending therethrough with the axis ofsaid web 
openings extending substantially normal to the 
direction of said axis of casting said block. 

30. A biaxially cast concrete masonry block ("CM 
block") made by a biaxial CM casting method as 

35 defined in claim T7 comprising: a pair of opposing 
spaced face shells; at least three spaced webs 
extending transversely between and connecting said 
face shells and forming at least two cavities between 
pairs of said webs and portions ofsaid face shells, 

40 said cavities extending through the CM block in the 
direction of the axis of casting of such block; at least 
two ofsaid adjacent webs each having a biaxially 
cast opening extending therethrough with the axis of 
said web openings extending substantially normal 

45 to the direction of said axis of casting said block. 

31. A biaxially cast concrete masonry block ("CM 
block") made by a biaxial CM casting method as 
defined in claim 18 comprising: a pair of opposing 
spaced face shells; at least three spaced webs 

50 extending transversely between and connecting said 
face shells and forming at least two cavities between 
pairs of said webs and portions of said face shells, 
said cavities extending through the CM block in the 
direction of the axis of casting of such block; each of 

55 said three webs having a biaxially cast opening 
extending therethrough with the axis of said web 
openings extending substantially normal to the 
direction ofsaid axis of casting said block. 

32. A biaxially cast concrete masonry block ("CM 
60 block") made by a biaxial CM casting method as 

defined in claim 20 comprising: a pair of opposing 
spaced face shells; at least three spaced webs 
extending transversely between and connecting said 
face shells and forming at least two cavities between 
65 pairs of said webs and portions of said face shells, 



said cavities extending through the CM block in the 
direction of the axis of casting of such block; at least 
two of said adjacent webs each having a biaxially 
cast opening extending therethrough with the axis of 

70 said web openings extending substantially normal 
to the direction of said axis of casting said block; and 
at least one opening extending through part of one 
face shell ofsaid CM block between one of the webs 
having an opening extending therethrough and 

75 another web not having any opening extending 
therethrough with the axis of casting and also 
substantially normal to said second axis extending 
in the direction of said web openings. 

33. A biaxially cast concrete masonry block ("CM 
80 block") made by a biaxial CM casting method as 

defined in claim 20 comprising: a pair of opposing 
spaced face shells; at least three spaced webs 
extending transversely between and connecting said 
face shells and forming at least two cavities between 

85 pairs of said webs and portions of said face shells, 
said cavities extending through the CM block in the 
direction of the axis of casting of such block; at least 
two ofsaid adjacent webs each having a biaxially 
cast opening extending therethrough with the axis of 

90 said web openings extending substantially normal 
to the direction of said axis of casting said block; an 
opening extending through part of one face shell of 
said CM block between one of the webs having an 
opening extending therethrough and another web 

95 not having any opening extending therethrough, 
and a second opening in the other face shell of the 
CM block substantially aligned with said first-recited 
face shell opening, with the axis of each said face 
shell opening being substantially normal to the axis 
100- of casting and also substantially normal to said 
second axis extending in the direction ofsaid web 
openings. 

34. A biaxially cast concrete masonry block ("CM 
block") made by a biaxial CM casting method as 

1 05 disposed in any one of claims 22 to 25. 
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